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Summary 
The literature on cooperation in R&D is mainly based on research on company level. In the 
cooperation literature there is remarkably little attention for the influence of the NPD 
management process on cooperation. On the other hand, the literature on management of NPD 
processes pays only scant attention to the influence of cooperation on NPD processes. Simple 
figures on the overlapping areas of cooperation and NPD management are lacking. One of the 
missing classes of figures is the one on cooperation of different types of organization in the 
stages of the innovation funnel. The literature occasionally expresses a general belief or presents 
an educated guess about the participation of a type of organization in a certain stage of an NPD 
project but only supports this with figures in a rare case study.  
 
The results of this work agree with the existing NPD literature on company level that the 
majority of firms execute and manage their NPD processes with some form of stage-gate 
process, preceded by a fuzzy front end. There is a very likely relation between the information a 
project team needs to meet criteria for gate passage, the lack of internal resources to produce all 
the required information and the need to find partners that can help produce the missing 
information. The need to cooperate is thus established on project level and the type of 
information needed will differ per project and per stage of development of the project. The 
survey, which served as the source of information for this work, was therefore performed on 
project level, which is quite rare in the literature on cooperation in R&D, where data on firm 
level abound, and equally rare in the NPD literature where cooperation seems to be no issue. 
 
The respondents indicate that universities are likely to cooperate with NPD teams only in the 
fuzzy front end and the first stages of the innovation funnel, but also that universities do not 
dominate the relationships during those stages. The aim of the collaborative activities is meeting 
the criteria for gate passage or solving technological barriers in the front end. Medical, 
(bio)pharmaceutical and nutraceutical research are the exception in that universities contribute to 
their research from the beginning to the end of the funnel. Cooperation with companies, 
consultants and PRO/CRO‘s occurs in any stage, but relationships with companies clearly 
dominate the last stage of the funnel. The respondents indicate that suppliers tend to continue as 
a supplier for the new product if they were involved in the last stages of development. However, 
domination of inter-company relations during the last stage may not be interpreted as domination 
of supplier relationships. 
The results imply that cooperation with universities and CRO/PRO‘s does not continue during 
the entire R&D period. Most of these relations will end before the launch phase. 
 
Due to the relatively small sample size of the survey the figures presented in this work may not 
be regarded as indicative for all R&D projects in every type of industry. The conclusions are 
only valid for the firms in the sample, but they are remarkably often supported by the existing 
literature and may therefore have a wider scientific impact than warranted by this study alone. 
This work may therefore be one of the first to lay a quantitative, albeit narrow basis under further 
studies into the influence of the staged character of NPD projects on cooperation during the 
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course of those projects through the innovation funnel. It contributes to filling the gap that exists 
between the two streams of literature mentioned above.  
 
It would be unduly pretentious to derive a best practice for cooperation on the basis of the results 
of this work. 
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Do Collaborative Ties in R&D depend on 
the New Product Development Stage ? 
 
1. Introduction 
 
1.1 Collaboration in R&D 
Concentration on core business activities was usually associated with outsourcing of supporting 
and peripheral activities and was motivated by cost saving. But outsourcing strategies no longer 
concern only fairly specialized, non-core, repetitive tasks. They have spread to a wide range of 
activities, including strategically sensitive functions and knowledge-intensive tasks, such as 
design and R&D (Howells, 1999). Outsourcing of activities in the fields of basic research and 
new product development (NPD) started already in the sixties of the 20
th
 century. But since the 
1980s, product life cycles became ever shorter and consequently there was a need for faster 
product development (Nijssen et al, 2001). Due to these rapid changes, firms required product 
development skills in entirely new areas of knowledge on a relatively short term or needed 
additional product development resources to accelerate innovation and shorten time to market. 
This forced firms to concentrate more on development and extend their fundamental science and 
technology base beyond the boundaries of the company (Rigby and Zook, 2002; Hagedoorn, 
2002). So, unsurprisingly, outsourcing of R&D and cooperation have gained important roles in 
the innovation process. Cooperation activities with other firms, research institutions and 
universities are opportunities to get access to complementary technological resources, which can 
contribute to faster development of innovations, improved market access, economies of scale and 
scope, cost sharing and risk sharing (Ahuja, 2000; Cassiman and Veugelers, 2002; Hagedoorn, 
2002; López, 2008). In turn, the introduction of product, process and market innovations has 
been reported to be positively associated with the firms‘ growth (Varis and Littunen, 2010) and 
profitability (Belderbos et al, 2004). 
Numerous studies have been devoted to the cooperation between firms and public and private 
sources of knowledge. Lane et al (2006) reported that the construct of absorptive capacity alone, 
which is just one of the issues arising from cooperation on R&D, had been used more than 900 
times in peer reviewed articles from 1990, when Cohen and Levinthal published their 
quintessential paper. 
 
However, besides the advantages related to outsourcing of and cooperation in research, there are 
obvious drawbacks. Cooperation in R&D differs from cooperation in other functions in that it 
reveals a firm‘s strategic intent. Notably in its R&D activities the firm runs the risk of exposing 
its sources of future competitive advantage to its business environment. Also there is the risk of 
opportunistic behaviour from external partners that develop part of the necessary knowledge. 
Risk management of R&D inter-firm cooperation therefore becomes a more important topic in 
R&D management. There are two exchange risks: first, the risk to achieve a lower profitability 
on the innovation return than the exchange partner, second, the risk of the partner becoming a 
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competitor by unplanned, one-sided knowledge spill-over. Both risks motivate opportunistic 
behaviour (Helm and Kloyer, 2004).  
Resistance to cooperation and outsourcing in R&D may also be driven by concerns for lack of 
control, the principal-agent problem, and loss of internal knowledge (Lai et al, 2009; Hoecht and 
Trott, 2006). Becker and Zirpoli (2003) pointed in a case study in the automotive industry at the 
negative long-term effects of outsourcing on the knowledge base i.e. hollowing out of internal 
knowledge, despite beneficial short-term effects on cost. Similarly, the strategic decision to 
outsource NPD may undermine the long-term innovative capabilities of pharmaceutical firms if 
the outsourcing contains a high degree of core knowledge (Rafiq and Saxon, 2000). 
Lam and Chua (2009) identified the quality of the knowledge services as a possible risk as well 
as the uncertainty about the amount of effort needed to manage the outsourcing relationship. 
Differences in the ability to manage external relationships have been mentioned as the cause of 
differences in innovativeness (CRIC-study 
1
). Frenz and Ietto-Gillies (2009) mention issues 
related to making the results of joint research appropriable as obstacles for the success of 
collaboration. In very research intensive areas such as biopharmaceutical research there are even 
indications of a back swing of the outsourcing pendulum (Sen, 2009). 
 
1.2 The need to maintain absorptive capacity 
Firms are aware of these negative aspects and as a result, and in spite of the widely recognized 
importance of cooperation and open innovation (Chesbrough, 2003), Community Innovation 
Surveys (CIS) held in Europe since the nineties clearly show that the largest share of research 
effort is still spent on internal R&D (Tether, 2002). As made clear by Cohen and Levinthal 
(1990), internal R&D is not only necessary to maintain the capacity to find the right partners and 
to recognize the value of their knowledge, it is equally necessary to have the capacity to 
assimilate the acquired knowledge in the firm and to be able to apply it in new products and 
services, in other words; it is necessary to develop or maintain adequate absorptive capacity. 
Having adequate absorptive capacity thus means being able to closely monitor the relevant 
innovative environment and being able to monitor the innovative environment is a prerequisite 
for finding the right partners.  
 
1.3 Results of cooperative research on firm, regional or industry level. 
Most empirical studies on cooperation in R&D involve data from surveys among hundreds, to 
many thousands of companies in the case of CIS, in order to enable statistical processing and 
production of statistically significant results. The data (e.g. from CIS) are usually of firm level, 
cross-sectional and after statistical processing the results represent the picture of a branch of an 
industry or a country or a region at a certain point in time. The results of such studies may be 
useful for guiding government policies, but they do not make clear how or when the decisions on 
outsourcing and cooperation are made inside an individual firm, and which mechanisms drive 
them on a project level (Veugelers and Cassiman, 1999).  
 
There are a few exceptions though; e.g. Jones (2000) is an exception in that he proposes that 
different sources of knowledge are necessary for product or processed based innovation efforts. 
He attributed the type of cooperation to the phase in the life cycle of products. The life-cycle 
phase has an impact on the ―internal versus external‖ decision and is related to the evolution 
from a product-based competition to a process oriented, cost-based competition. Research early 
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in the life cycle of a product will therefore mainly be product-oriented e.g. at new features, while 
research in the later stages of the life of a product will be directed at reducing process costs. 
Assuming that firms will have several products that differ in their life-cycle phase from just-on-
the-market to mature and on-the-decline, one can imagine that even for a single firm e.g. 
decisions on internal R&D versus external and cooperation with private companies or public 
institutions will vary with each product.  Two other exceptions are worth mentioning and both 
are based on case studies. One is the work of Barragan et al, 2003, who propose a framework for 
making decisions on outsourcing based on the level of control the outsourcing project team 
wants to have over the result of the outsourced R&D activity. The other is the work of Baloh et 
al, 2008, who identify three complementary models of managing outsourcing of innovation to 
business partners. 
 
Also conceptual studies are very often about companies as a whole and their strategies and do 
not deal with the level at which innovation takes place; the project level (e.g. Ritala and 
Hurmelinna-Laukkanen, 2009; Lichtenthaler, 2007; Hoecht and Trott, 2006). Indeed, 
cooperation and outsourcing contracts will always be closed at the level of legal entities i.e. at 
the firm or corporate level. But the actual R&D cooperation often occurs in the framework of a 
R&D project between a few people of the R&D function and their peers from another company 
or university. By studying the organization of innovation processes at the project level the 
internal/external decision and the nature of the external partner‘s contribution to the innovation 
may be revealed. The organization of innovation processes is addressed in the literature on NPD 
processes (chapter 1.5). 
 
1.4 Difference in management of academic and industrial research 
R&D in companies differs from research in the academic world mainly in its goals and in its 
driver. In academic research curiosity is sufficient as a driver for engaging in research and the 
goal is to add new knowledge to the existing body of knowledge and to disseminate the newly 
acquired knowledge in the academic world. Research in companies is driven by the need for 
innovation and new knowledge should be transformed to a commercial application that gives a 
competitive edge to the innovating company. In industry new knowledge is not a goal in its own 
right, but serves as a means to support ideas which should lead to new products, services or 
processes. Commercial success is not a natural result of these new products and processes. In 
contrast to academic research, market uncertainty and financial risk always accompany an 
industrial R&D project. As a result managing academic research differs drastically from 
managing R&D in companies and cooperation in R&D with universities should be seen as 
complementary to the internal resources (Becker and Dietz, 2004; Miotti and Sachwald, 2003). 
 
Many authors from academic backgrounds usually define outsourcing as an activity in which the 
outsourcing partner pays for the contribution of the other party and cooperation as an activity in 
which no money flows in any direction. In this work, cooperation and outsourcing will be used 
as synonyms notably where it concerns cooperation between companies and universities or 
PRO‘s. 
1.5 NPD process management 
For management of an NPD project the NPD management process has been designed. In 1990 
Cooper published his article on the stage-gate system in NPD processes (Cooper, 1990), in which 
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he explains that those processes are not continuous but that they are characterized by stages and 
transitions (gate-passages) from one stage to the next and that these transitions require important 
decisions to be taken. The importance of those decisions is closely connected to the exponential 
increase of costs with each following stage. The financial consequence of admission of a project 
to the next stage is also the reason why management often wants strict NPD process control. 
Dependent on their size, firms may have many projects in their NPD pipeline, also called the 
innovation funnel, and the number of those projects in each stage of their development must be 
restricted, in order to have enough capacity to execute and manage the launch of those projects at 
the end of the funnel. Wheelwright and Clark (1992) showcased the importance of NPD project 
portfolio management in their study of PreQuip. The capacity to manage the projects in the 
portfolio includes the capacity to manage the many forms of cooperation that the execution of 
the projects requires. The literature on management of NPD projects, however, is mainly 
concerned with the difference that may exist between managing incremental and radical 
innovations (Patrakosol, 2007; Song, 1998;Veryzer, 1998; Shenhar, 1996) and the disposition of 
managers that take the portfolio decisions (Mc Nally, 2009; Smith, 2007; Yahaya and Abu-
Bakar, 2007). 
 
1.6 Conflicting views on cooperation 
There is a wide diversity of views on the type of partner necessary to achieve radical 
innovations. Some articles link radical changes to university supported research. (Belderbos et 
al, 2004; Monjon and Waelbroeck, 2003; Tether, 2002). However Kaufmann and Tödtling 
(2001), found that firms that cooperate with consultants and suppliers next to universities achieve 
more radical innovations. But Perrons et al (2005) concluded that long-term supplier links do not 
seem to play a role in the development of radical innovations. Bercovitz and Feldman (2007) and 
Veryzer (1998) pointed at the fact that the majority of the R&D projects in which universities 
cooperate does not concern radical, but incremental innovations, such as line extensions, 
upgrades and product improvements. 
There is a similar scatter of research results where it concerns the contribution of suppliers to 
incremental innovations. Belderbos (2004) found that competitors and suppliers contribute to 
incremental innovations. However, Un (2010) reported that cooperation with competitors seems 
to harm product innovation and Mol (2005) found that cooperation with suppliers may be 
beneficial for the supplier, but not for the buying firm and even warned for serious dangers of 
knowledge leakage to the competitor via the supplier. 
 
These apparently conflicting results may be caused by the differences that exist between the 
domains in which the research was carried out. Obviously the worlds of research into IT, fast 
moving consumer goods and biopharmaceuticals are miles apart, but they do have in common 
that the R&D process will be managed and that cooperation is playing an increasingly important 
role in that process. Similarly, cooperation during the phase of idea generation and fundamental 
research will differ from cooperation in pre-launch development projects, if alone in the certainty 
of the outcome of the cooperation and consequently in the nature of the contract. 
Therefore, it is remarkable that the literature on cooperation and outsourcing seems to be in a 
different world from the one on management of NPD processes to the extent that the two streams 
of literature are practically, mutually exclusive. 
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The first aim of this research article is to contribute to the amalgamation of two streams of 
literature; the first one is the literature on cooperation and outsourcing which pays no or very 
scant attention to the management of the NPD process, and the second is the one on 
management of NPD processes which ignores to a great extent the phenomenon of cooperation 
and outsourcing. 
 
Another remarkable fact is that many authors seem to ignore the dynamic character of 
cooperation during the life span of an NPD project. One would expect that as the NPD project 
progresses knowledge requirement changes from fundamental to applied, or as Jones et al (2000) 
found, dependent on product maturity, from product to process oriented.  
There is a general belief that universities contribute to creating fundamental knowledge, mainly 
required in the early stages of NPD (Un et al, 2010). However she also indicates that suppliers 
may have a deeper understanding than universities in a narrow field which would make them 
more useful for innovation. Miotti and Sachwald‘s framework (2003) suggests that technology 
seeking is not even the main objective of all R&D co-operations. In their view in vertical R&D 
co-operation with suppliers or clients, the objective is to pool complementary resources and 
access more market information, to better target innovation efforts. The question remains; if 
universities mainly cooperate in the early stages of NPD, then who are the preferred partners in 
the last stages and every stage in between?  
 
The second aim is therefore; to make it plausible that the type of R&D cooperation in companies 
is determined by the stage of the NPD project in the NPD management process. 
 
This article does not aim to contribute to the discussion on how to achieve radical innovations, 
but  
- Is merely concerned with the relation between the research phase of the project and the 
type of partner during that phase. 
- May nevertheless show that university support is not only sought for bringing about 
radical changes, but that also incremental changes in products require scientific 
underpinning. 
- Proposes that the difference in phase of the projects may explain the scatter of results 
reported in the literature on the type of cooperation partner. 
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2. Theory 
The literature on cooperation in R&D is built upon empirical, conceptual and case studies that 
generally take the firm as the lowest level of analysis. Data on company or higher aggregated 
level are readily available in the form of CIS-data or similar data-sets from individual countries, 
data from patent d-bases or from companies‘ annual reports and they form a rich source of 
information for research into innovation and cooperation. Statistical relations found between 
those data enable conclusions at industry branch or regional level, dependent on the sample. 
Very few authors that write about cooperation descend to the project level, or project team 
member level, at which the actual cooperation in R&D takes place. The literature on 
management of NPD processes, on the other hand, does address the organizational problems at 
the project level, but hardly touches on the role of external partners in the NPD process. As a 
company may have many NPD projects running at the same time much of the detail on 
cooperation between companies and other institutions is lost at the higher aggregation level. 
Besides formal NPD projects, firms may also be engaged in solving fundamental technological 
challenges in cooperation with private or public partners. Much of the confusion among 
researchers of R&D cooperation may stem from lumping together true NPD projects and 
fundamental research. 
 
This chapter first discusses collaboration in R&D and points at the sometimes confusing results 
that researchers found when they analyzed cooperation in R&D at an industry branch or regional 
level. Then, the theory of NPD management is reviewed. Next a model will be presented that 
links the type of cooperation and partner to the stage in or before the formal NPD process. A 
number of hypotheses are presented that support the central theme of this work: the type of R&D 
cooperation in companies is determined by the stage of the NPD project in the NPD 
management process. The hypotheses have been tested under a sample of project managers who 
are experienced in cooperation with third parties in their projects. Together the hypotheses form 
a framework for cooperation that links up to the model. 
 
2.1 Central themes in cooperation in R&D  
There are a few central themes that often return in the literature on cooperation in R&D.  
Obviously it is interesting for researchers to investigate the reasons why firms cooperate, with 
whom they cooperate, and what the results are of the cooperation.  
On the results of cooperation many researchers agree that cooperation in R&D eventually leads 
to enhanced innovativeness and some find statistical evidence for a relation with better economic 
performance (Belderbos et al, 2004; Caloghirou et al, 2004; Bin, 2008; Luo et al, 2010; Hwang 
and Lee, 2010; Tomlinson, 2010). However, the factors that have been reported as important 
contributors to the increased innovativeness and performance differ widely. Moreover, there are 
some authors that are more skeptical about the value of cooperation, especially when the focal 
firm has a substantial internal R&D capacity (Martinez-Sanchez et al, 2007; Jones et al, 2000; 
Sen, 2009).  
In comparison with manufacturing the Transaction Cost theory has weaker relevance as a basis 
for cooperation in R&D (Gooroochurn and Hanley, 2007). The Resource Based View is often 
mentioned as a driver for outsourcing or cooperation, but all firms shy away from outsourcing 
when IPR are at stake (Veugelers and Cassiman, 1999; Gooroochurn and Hanley; 2007). 
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Besides, researchers of cooperation have tried to find properties of firms that are indicative for 
cooperation and outsourcing. The data available on company level enabled researchers to 
investigate a multitude of possible relations between those data. Without attempting to give an 
exhaustive overview a few of those relations are discussed in chapter 2.1.1 through 2.1.4. 
 
2.1.1 Relation between number of cooperative ties and innovative performance 
A large number of cooperative ties is considered important for the innovative capacity of 
companies (Fritsch and Lukas, 2001; Becker and Zirpoli, 2004). This would enable the firm to 
identify and capture a large number of new ideas from a wide range of technology areas, while 
strong linkages with one or just a few network partners could unproductively limit a firm‘s 
vision of alternatives (Fabrizio, 2009). Being embedded in a network is also important for 
responding to a dynamic market because a network offers the opportunity for having access to 
continuously changing sources of knowledge (Sammarra and Biggiero, 2008) and thus to use the 
external sources to increase the innovation potential of the focal firm (Frenz and Ietto-Gillies, 
2009). Focusing on collaborative linkages in the biotechnology industry, Arora and Gambardella 
(1994) found that a firm‘s absorptive capacity plays a crucial role in explaining the number of 
alliances established by each firm.  
By contrast, Tomlinson (2010) found that it is the strength, i.e. higher levels of (vertical) co-
operation between firms over a range of activities, rather than the number or the mere existence 
of vertical cooperative ties that is a significant factor in the explanation of the level of the 
innovative performance of firms. In her article on the South African textile industry Parker 
(2000) recommends not to replace quality by quantity. This is also supported by Charterina and 
Landeta (2010) who found that customer-supplier relationships are based on trust and resource 
interdependence. These tend to encourage the exchange of knowledge; the more committed firms 
are to the relationship, the greater the resulting increase in their innovativeness. But Perrons et al 
(2005) and Patrakosol and Olson (2007) restricted the importance of long-term supplier links for 
innovativeness to incremental improvements because they found that long lasting (vertical) 
supplier-buyer  do not seem to play a role in the development of radical innovations.  
So, there seem to be two opposing views for making the most of cooperation in R&D; the first 
view advocates many, but relatively weak, ties with partners that offer the focal firm a broad 
scope and flexibility for knowledge access and the second argues that only strong, and 
consequently fewer, ties will give access to the full value of the partner‘s knowledge. 
 
2.1.2 Determinants for cooperation 
A very large number of researchers have tried to find factors that are indicative for a firm‘s 
propensity for cooperation and outsourcing.  
 
2.1.2.1 Proximity 
The spatial/geographical, cultural or organizational proximity of partners is mentioned by many 
authors as a determinant of the likelihood of successful cooperation (Gertler (2003); Giuliani 
(2005); Li and Van Haverbeke (2009); Cusmano et al (2009). Yusuf (2008) proposes that the 
underpinning mechanism for the positive effect of proximity is in the facilitation of the transfer 
of tacit knowledge. Even in the case of codified information the dissemination of knowledge is 
faster in the geographical proximity of the knowledge source (Feldman, 2000). These findings 
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support one of the four corner stones of Porter‘s Diamond i.e. the spatial proximity of related and 
supporting industries facilitates the exchange of ideas and innovations. But Beise and Stahl, 
(1999) found no higher probability of publicly supported innovations for firms in Germany that 
are located near universities or polytechnics. Instead, they found that the firm‘s own R&D 
activities support the ability to absorb the findings of public research and turn them into 
innovations, suggesting that in Germany, high-technology does not depend on co-location of 
public and private research. 
 
2.1.2.2 Complementarity of resources  
Complementarity of resources or resource interdependence and trust are drivers for cooperation 
as established by Charterina and Landeta (2010) and Miotti and Sachwald (2003). Cost and risk 
sharing are almost synonymous with resource sharing and may also be ranked under this cover 
(Lopez, 2008). But Gooroochurn and Hanley (2007) found that IP ownership (value capturing) 
was considered more important than high R&D costs for product related research, and only in the 
case of process innovation were transaction costs important for the decision to cooperate in 
R&D. There is a certain similarity in their findings with the work of Jones et al (2000) with 
regard to the importance of the IP rights and the cost based nature of cooperation decisions for 
process oriented research.  
Although costs of research can be brought down by sharing resources, they should always be 
balanced against the expected turn-over and the value captured from the innovations. Moreover, 
they should be placed in perspective against the marketing costs of new products. For instance, 
the marketing costs of new or renovated fast moving consumer goods may be a factor 4 to 12 
higher than the research costs (Table 1). So, bringing down R&D costs may emerge from the 
analysis of the data as a driver for cooperation, but it is doubtful if it is an important one for all 
types of R&D in all lines of business. 
 
Table 1; Comparison of R&D and marketing costs in the FMCG sector 
 
 Turnover Marketing R&D R&D/Turnover 
(%) 
Marketing/R&D 
P&G 55 6 1.37 2.5 4.4 
Unilever 42 7 0.89 2.1 7.9 
Danone 17 2 0.21 1.2 9.5 
Coca-Cola 27 2 0.40 1.5 5.0 
L’Oreal 18 5 0.61 3.4 8.2 
Kraft 28 5 1.38 4.9 3.6 
Nestlé 86 18* 1.47 1.7 12.2 
 
*
Estimated
 
60% of Selling/General/Administrative expenses
 
Source; Financial statements 2009/2010; amounts in billion Euros.  
Exchange rates; $1 = € 0.7.  CHF 1 = € 0.78 
2.1.2.3 Absolute firm size 
Firm size has been detected as a determinant for cooperation by Fontana et al, 2006 and Lopez-
Fernandez et al 2008). The higher the turn-over, the higher the amount a firm can spend on R&D 
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and the higher the propensity to cooperate on R&D. But according to Cusmano et al (2009) size 
shows no association to the probability of process innovation, while it is negatively related to the 
probability of product innovation and his measure of innovative performance. Apparently bigger 
companies may show a higher propensity for cooperation, but this cooperation does not 
necessarily lead to a higher innovative performance. This finding is consistent with the work of 
Ettie and Rubinstein (1987) (see Table 2) who showed that it are the intermediate sized 
companies that are most innovative. Also Kleinknecht and Reijnen (2002) are not convinced 
about the importance of absolute size as an indicator for cooperation as their investigation 
showed that innovative SME‘s cooperated at least as much as the larger companies. 
 
Table 2;  Study of firm size and product innovation 
 
Size of the firm 
(employees) 
Effect on product innovation 
0 to 1,000 No relationship between size and the  number of radical innovations 
1,200 to 11,000 Significant, positive relationship between size and number of innovations 
11,000 to 45,000 Relationship less significant 
over 45,000 Radical new product introduction unlikely. 
 
Source; Dunphy, S.M., Herbig, P.R., Howes, M.E.; The Innovation Funnel; Technological Forecasting and Social 
Change 53, 279-292 (1996), 1996 Elsevier Science Inc. First published by; Ettie, J.E. and Rubenstein, A.H.; Firm 
Size and Product innovation, Journal of Product innovation and Management, June, 89-108 (1987). 
 
2.1.2.4 Presence of an R&D department 
Firms that cooperate must have the ability to absorb the knowledge and skills from the partner 
and the department best equipped to achieve that is the R&D department. Therefore, the presence 
of an internal R&D function, or the R&D intensity of firms, has served as a predictor for 
cooperation in a relatively large number of studies (Murovec and Prodan, 2009; Lopez-
Fernandez et al (2008); Segarra-Blasco and Arauzo-Carod (2008). Research intensity has been 
expressed as R&D expenditure as a percentage of turn-over or as the ratio of the number of 
scientists to the total number of employees. On the low end of the scale are the large fast moving 
consumer goods companies (Nestle, Unilever, P&G, Danone) that spend only 1 to 2% of their 
turn-over on R&D. Nevertheless, by their sheer size they can support large central R&D facilities 
that also cooperate a lot with universities and private companies. However, the ratio of the 
number of cooperation links to the total number of employees in the company as a whole is low 
compared with e.g. university spin-out companies, which is consistent with Kleinknecht and 
Reijnen‘s finding on the relation between size and cooperation. 
 
2.1.3 Horizontal, Vertical and Institutional cooperation 
Another important stream of literature on cooperation and outsourcing is devoted to the 
differences there may be between outsourcing of R&D to, or cooperation with, competitors 
(horizontal cooperation), suppliers and buyers (vertical cooperation) or universities and public 
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research organizations (institutional cooperation). The aim of these studies is to identify with 
whom the most innovative results can be achieved, or which type of cooperation leads to the 
highest increase in sales, or which is best for radical innovations. (Monjon and Waelbroeck, 
2003; Tether, 2002; Un et al, 2010; Belderbos et al, 2004; Arvanitis et al, 2008; Patrakosol and 
Olson, 2007; Fontana et al, 2006). Their results are far from unanimous and only confirm that 
universally valid conclusions are hard to draw from such studies. Luo et al (2010) concluded 
from their literature search that performance outcomes associated with Collaborative Product 
Development (CPD) projects are often mixed and that such contrasting experiences suggest that 
CPD, as a phenomenon, is far from well understood. They cited Brown and Eisenhardt‘s (1995, 
p. 372) conclusion: ―it is not clear exactly how or when suppliers and customers are 
appropriately involved in the product development process, and the evidence is not unanimous‖. 
It is one of the aims of this study to contribute to the understanding of how and when cooperation 
partners fit in the innovation process of firms. 
An additional difficulty in the evaluation of such studies is that performance and innovativeness 
are multidimensional constructs. Depending on their choices of the definition of innovativeness 
researchers may come to different findings (Danneels and Kleinschmidt, 2001). This may 
explain some of the scatter of results found in the literature on cooperation in R&D. 
 
2.1.4 Literature on R&D cooperation shows widely differing results 
As demonstrated above, researchers of cooperation studying the same subject and using the same 
statistical rigour often arrive at contrary or at least widely different results when using data on 
firm level. Besides the already mentioned definition problem, another reason why they may 
come to such widely differing conclusions is that much of the detail, that might explain the 
differences, is lost when firm level data are used. If R&D cooperation is studied at a more 
detailed level i.e. the project level, similarities may be revealed that are lost in the answer of the 
respondent on the firm level. Much research has already been executed on the way NPD projects 
are managed. The theory of NPD process management will be addressed in chapter 2.2. 
Another reason for the scatter of results in the cooperation literature could be found in the 
inaccuracy of the answers of the respondents of the surveys. Large companies may carry out 
many R&D cooperation projects simultaneously (Belderbos et al, 2004). A respondent of a large 
company should not only to take into account the number of R&D projects the firm carries out 
simultaneously but also the variety of stages every single project must pass before it delivers its 
result and the number cooperation partners a single project may have during its life-span.
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Moreover, the researcher expects homogeneity of view within a firm on all aspects of 
cooperation and its results, which has never been demonstrated to be there. Littler, (2006) rightly 
pointed at this often occurring flaw in surveys in his article on the difference in marketing 
practice and marketing theory in relation to new product development. 
2.2 The stage-gate model for NPD projects 
2.2.1 NPD process management  
The first attempts at developing a way to organize new product development were already made 
in 1957 (Johnson and Jones, 1957). Building on this work literature on the NPD management 
process slowly evolved into the stage gate system as we know it today. The stage gate system for 
NPD in industrial research is a project management model for moving a new product from idea 
to launch (Cooper, 1990). In this model the innovation track is divided into stages with clear 
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decision points (gates) in between stages, clear criteria for admission to the next stage and teams 
of decision makers that are responsible for admitting projects to the next stage (gatekeepers). The 
first gate serves as a course filter that can only be passed by projects that loosely fulfil the criteria 
of strategic alignment with the firm‘s new product strategy, technical feasibility, differentiating 
capacity and marketing attractiveness. The fact that there is a first gate means that usually 
product idea generation and fundamental research happen in a phase preceding the proper NPD 
process. This phase is sometimes called the fuzzy front end (FFE) (Reinertsen, 1999; Koen et al, 
2001; Flint, 2002; Vuola and Hameri, 2006, van Trijp, 2008, Oliveira and Rozenfeld, 2010) The 
FFE is the messy "getting started" period of new product development processes. The messy 
character is in the variety of activities and ill-defined processes that take place in that phase such 
as idea generation, fundamental technology development or science base maintenance and 
service activities for running development projects. Passing the first gate and entering the proper 
NPD process means that the company has a clear product in mind and that it is prepared to 
commit large resources to the project. Projects in this early stage still put a heavy emphasis on 
technology development and therefore leadership is usually in the hands of R&D. The later 
stages require heavier spending (Langerak et al, 2004) and therefore the criteria for passing the 
later gates assume that fundamental technological problems have been solved and that supply of 
components for the launch phase have been secured. The later stages of the NPD process also 
require a robust and detailed business case and more market-, supply- and financial information. 
Leadership of those stages is therefore often in the hands of marketing. Smooth transition from 
an R&D- to marketing led process calls for internal alignment from the first to the last stage of 
the NPD process.  
 
2.2.2 Gatekeepers 
The NPD model requires multi functional project teams that do the creative work necessary to 
produce information gatekeepers want for comparison with the criteria for admitting the project 
to the next stage. The costs of the project increase exponentially with every stage. The decision 
to admit a project to the next stage has therefore serious consequences for the company‘s R&D 
resources. More importantly, gate decisions should be in line with the company‘s new product 
strategy and determine the fundamental nature of a firm‘s business. In a typical stage-gate 
system gatekeepers will also decide whether there will be funds available for external knowledge 
acquisition. Decisions on that score will be based on the information they get from project 
managers.  
The role of the gatekeeper with respect to cooperation in R&D is in this article different from the 
meaning Fritsch and Lukas (2001) attach to this role. In this work the role of the gatekeeper is 
clearly attached to the stage-gate process, gate passage decisions and R&D project portfolio 
management. Here it is assumed that decisions on R&D cooperation will be taken by funnel 
management on the advice of R&D project managers.  
 
2.2.3 Risk reduction through information increase 
The cost increase related to moving a project to the next stage can only be justified if the risk of 
failure of the NPD project decreases accordingly. For this reason the stage-gate model is also 
regarded as a means for systematically reducing the risk of project failure by producing ever 
more detailed information on technological and marketing aspects of the new or renewed 
product. Resistance to this model comes from those who contend that stage-gate models have 
17 
 
been developed for, and are only suited for, bringing incremental improvements to the market. In 
truly radical innovation both technology and market are alien to the firm so that the risk will 
always remain high and cannot be decreased by any amount of information the project team puts 
forward. One would expect that projects aimed at radical innovations are more likely to be killed 
in this risk aversive management system than projects aimed at incremental improvements, but 
reports on this subject are mixed (Danneels and Kleinschmidt, 2001).  
Many cooperation projects between firms and universities are started to generate missing 
fundamental knowledge. These projects always carry a high risk and often do not make it to the 
first gate. This may be one of the reasons why development ties with e.g. suppliers are perceived 
as leading more often to successful innovations (Un et al, 2010).  
 
Some authors (Veryzer, 1998; De Visser, 2010; Patrakosol, 2007; Christensen, 1997) maintain 
that projects aimed at risky, radical innovations require entirely different, much more flexible, 
management processes. Patrakosol (2007) posits that firms with immature NPD processes stand 
a better chance of bringing forth radical innovations than firms with tightly managed, formal 
innovation processes. Consequently, within one company different management practices for 
NPD processes would be necessary for incremental and discontinuous innovation (ambidextrous 
organizations), possibly leading to tensions in the organization.  
 
2.3 Funnels for formal or informal NPD processes 
Cooper (1990) subdivided a typical formal NPD process into five, possibly six gates and stages 
and determined in a survey that about 60% of the firms had installed some form of stage-gate 
process (Cooper, 1999). In a similar survey Rundquist and Halila (2010) established that 71% of 
the companies in their sample had installed a formal NPD process. So, not every company will 
have a formal NPD process installed in its procedures, nor will the processes and criteria to pass 
a gate be the same in every company. See Table 3 for an example from Debackere, (2006) who 
uses a system with four stages and three sets of criteria for passing the gates. Tzokas et al (2004) 
investigated the use of criteria for gate passage and the usage patterns emerging from their study 
suggest that these criteria are aligned to the specific requirements of each stage in the process. 
Even if the project purely rests on existing technology the marketing, supply chain and financial 
components of the project remain good enough reasons to apply a stage-gate process. 
 
  
18 
 
Table 3; Criteria for gate passage (from; Debackere, 2006) 
 
Idea  Feasibility Feasibility  Capability Capability  Launch 
& Roll Out 
Key consumer need identified Concept, product and packaging meet 
quantified action standards 
Marketing mix elements 
meet previously defined 
standards 
Product ideas meet identified consumer 
need, can successfully be communicated 
and delivered and are perceived to be unique 
by consumers 
Satisfactory assessment of practical 
feasibility and financial viability, of the 
safety of formulation, of packaging and 
supply chain 
Safety requirements 
satisfied 
Ideas pass strategic fit assessment Capital expenditure proposal ready Capital proposal 
implemented 
Product fits in portfolio Requirements for human and other 
resources acceptable 
Key functional areas 
approve launch plan 
Product potentially strengthens priority 
brand 
Defined and agreed action standards for 
consumer tests to pass the gate. 
Total project is 
commercially viable and 
fits in company plan. 
Product can pass minimum financial criteria 
(margin contribution) 
  
 
 
In the life span of every R&D project, several momentous decisions have to be made to 
transform an idea to a product and bring it to the marketplace. Also informal NPD processes will 
have moments at which momentous decisions must be taken such as; to invest in another year of 
background research, to get support from university groups or consultants, to build or adapt 
pilot-pants, to hold factory trials, to start marketing campaigns, or to sign contracts with 
suppliers. The economic consequences of those decisions will be heavier the closer the project 
comes to the moment of launch. Many projects will not stand the test of the criteria that become 
stricter at every next gate. So, there will be a decreasing number of projects in every stage from 
the beginning to the end of the NPD process and that is one of the reasons why the NPD process 
has often been depicted as a funnel. Management of the number and type of innovation projects 
in the funnel is the territory of NPD portfolio management. (Wheelwright and Clark, 1992) 
 
H 1; companies subdivide their NPD processes in stages, some formal, some informal, but 
always with a few critical decision points related to technological and market/marketing criteria. 
2.4 NPD project portfolios 
Large companies are usually divided into divisions or product categories and each category may 
have its own NPD project portfolio. A category‘s NPD project portfolio must be managed in 
order to balance the costs and resources with the number and type of new or renewed products 
the division wants to launch. The launch of a product requires substantial marketing resources, 
both financial and human. Any company has to restrict the number of market launches because 
of the limitations in resources for launch activities. The number of projects that enters the NPD 
process every year is always larger than the number of product launches a company can manage 
per year. Consequently many NPD projects must be killed on the way to the launch stage in 
order to have enough resources available for successful launches. The consequence of failing to 
kill projects is an unmanageable number of projects in the pipeline and poor launch quality 
(Wheelwright and Clark, 1992). As a result, a well balanced portfolio contains fewer projects in 
every stage from the start of the NPD process to the launch phase at the end of it.  
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So, category portfolio management not only has to decide about which projects enter the NPD 
process (strategic alignment) but also has to strike a balance between the number of projects 
aimed at radically new products and the number of incremental improvements to existing 
products that sustain the firm‘s business i.e. the ratio of high risk to low risk projects (portfolio 
balancing); manage the number of projects in each stage, in relation to resource allocation, and 
the sequence in which the innovations are brought to the launch stage (prioritization). Cooper et 
al, 2004 add to this list of portfolio management goals the maximization of the estimated 
portfolio value.  
 
2.5 Cooperation and stage-gate management 
Like the dynamics in cooperation related to the life cycle of a product as observed by Jones 
(2000) this article proposes that the dynamics in cooperation patterns is related to the stage of a 
project in the NPD process. Flint (2002) proposes that project ideas may arise internally in 
functional departments or be brought in by suppliers and consultants (technology push) or result 
from feedback of customers (market pull). Irrespective of the source of ideas, they will not 
immediately be taken up in the first stage of the NPD process, because information must be 
produced to meet the criteria for admission to the first stage of the NPD process of a category. 
Missing information must either be produced alone or in cooperation with partners. In this study 
it is assumed that external knowledge is acquired to fill an identified internal knowledge gap, an 
assumption supported by the results of Caloghirou et al (2004) and Poot (2009) that suggest that 
innovation is a complement to the internal capability rather than a substitute. This is also in line 
with Slowinsky‘s (2003) want-find get-manage model for open innovation. 
 
Research during the FFE phase is mainly technological and often of a rather fundamental nature. 
Since building up fundamental knowledge is the premise of universities, it is very likely for firms 
to seek cooperation with universities and PRO‘s during this phase. Un et al (2010) mention that 
there is a general belief that cooperation with universities is more likely on fundamental 
scientific issues. Quinn (2000) comes to the same conclusion via an educated guess, but both 
authors do not give quantitative evidence on project level.  
Firm level decisions do influence the distribution of R&D funds between fundamental and 
applied research. Bercovitz and Feldman (2007) investigated on firm level the likelihood of 
cooperation with universities and they found that companies with an R&D strategy weighted 
towards exploratory research, which is akin to fundamental research, spend more R&D resources 
on university research than firms with a more exploitative strategy. In terms of the stage-gate 
theory: cooperation with universities is likely to take place in the early stages of the innovation 
funnel or even before that i.e. during idea and fundamental knowledge generation in the FFE. 
 
H 2; cooperation with universities occurs predominantly in the first phase of the NPD process or 
even before admission to the formal NPD process. 
 
R&D collaborations with suppliers and universities are positively related to product innovation, 
but the knowledge provided by the suppliers is reported to have a larger impact than that of the 
universities, because of their deep but narrow understanding of their products. (Un et al, 2010). 
Tether (2002) suggests that collaboration with universities is generally aimed at radical, 
breakthrough product innovations that may open up entirely new markets. However, the vast 
majority of the NPD projects is aimed at incremental innovations to existing products such as 
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product improvements and line extensions, because they sustain the company‘s present business. 
It is the small improvements to everyday products that require fundamental understanding of 
components and processing conditions. Large international companies collaborate with 
universities and PRO‘s in research projects to understand e.g. the stability of the head on a glass 
of beer, or on how to prolong the scent of fresh bread and how to improve the efficiency of 
photovoltaic cells and the detergency of washing powder. So, it is not the degree of newness of 
the product or the process that determines the cooperation with universities but rather the need 
for fundamental knowledge in an internal project. If the required knowledge is related to a very 
specific component of a product a supplier‘s knowledge and know-how of the application of this 
component may prove more valuable than the wider knowledge provided by a university (Un et 
al, 2010). 
 
H 3; Cooperation with suppliers that have a deep understanding of their products may replace 
cooperation with universities in the FFE and the first phase of the innovation funnel. 
 
The need for information is likely to shift from fundamental and technological to applied and 
marketing oriented as the project moves through the stages of the innovation funnel. It is the 
central hypothesis of this article that parallel to the need for other types of information the type 
of cooperation will change with the stage in the funnel. This research shows therefore some 
similarity to the work of Van Gils et al (2009) who developed a framework for industry-science 
cooperation based on the division between competence and product/process driven R&D work 
and long or short term research. They concluded that for each of the four types of R&D there is a 
need for a specific type of cooperation between industry and universities and consequently a 
need for a specific legal arrangement. The present work studies the industry-science cooperation 
but also the cooperation between industrial partners and links it to the stage-gate theory. 
 
2.6 Influence of the NPD (portfolio) management decisions on cooperation 
2.6.1 Effect of NPD stage on the duration of the cooperation 
A general overview of the relation between the duration of academic and industrial research in 
the life sciences has been given by Working Group 63 of EIRMA (2005) and although the time 
scales may differ between science areas and industries the overall picture will be the same. 
 
Figure.1 EIRMA‘s view of the relation between the locus of the different stages of science and 
product development and the time to market 
 
 
 
21 
 
The picture reflects the view of the working group that, as a result of the increased pressure for 
fast innovation, industry is retreating from fundamental research to concentrate its efforts on 
product and process development. It also shows the likelihood that in different phases of the 
innovation pipeline the industry will try to get access to different sources of external information 
and that the duration of the cooperation is likely to vary with the source of this information and 
the time scale related to the state of the technology. For instance, newly acquired fundamental 
science, developed by a university and applied to a product idea will need a much longer time to 
the market than an idea in the product development phase based on existing technology e.g. 
brought in by a supplier. It also follows from this picture that in the product development phase 
R&D cooperation will mainly be an inter-industry affair. 
 
H 4a; Cooperation with other companies occurs mainly in the later phases of the NPD process.  
H 4b; Input of fundamental knowledge from universities is very unlikely at the later stages of the 
NPD process.  
 
The fact that resources in the funnel are limited means that there will be competition between 
projects for resources. When one project is admitted to the next stage it will also get extra 
resources to enable its progress to the next gate. As a result other projects may have to be killed 
or their resources may have to be reduced. Cooperation links of projects that are killed are likely 
to be discontinued as well, although cooperation with the same partner may continue in another 
R&D project. Data on firm level may therefore show a long-lasting, continuous relation with a 
partner while on the level of an individual R&D project the relationship may occur in only one or 
two stages of the NPD process. The cooperation on R&D project level will end anyway once the 
project has delivered its result. 
 
R&D cooperation in the early stages may last quite long. Notably when it concerns subsidized 
research, such as projects in the European Commission‘s Framework programmes, Eureka and 
national R&D stimulation programmes, the duration of cooperation may well exceed four years. 
The duration of cooperation in the later stages of the funnel however is restricted by the rigidity 
of management of funnel processes. Firms may have strict rules for maximum residence times of 
projects in certain stages of the funnel, so as to prevent them from becoming an everlasting 
promise and a continuous drain on resources. Products from protracted R&D projects also run 
the risk of becoming a mismatch with the market for which they have been designed. When the 
development process has passed its point of no return i.e. when heavy investments have been 
made in production lines and marketing preparations the days of R&D cooperation in that 
particular project are numbered. 
 
2.6.2 R&D relationships are forged on project level 
Perrons (2005) presented evidence which suggests that make-buy decisions i.e. decisions on 
outsourcing of R&D or internal capacity building, are strongly influenced by individual people. 
In his view outsourcing decisions may succeed or fail not because of any kind of longstanding 
corporate policy or historical relationship between companies, but because of linkages and trust 
between managers and personnel within those companies. He suggested that a valuable 
contribution could be made by focusing on the role of relationships at the level of individual 
managers and employees instead of firms.  
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From the subject matter dealt with so far it is clear that on the basis of the information provided 
by the leader of the NPD project a gatekeeper will allocate money for external knowledge 
acquisition and (internal) resources. It is proposed here that the individuals exerting the influence 
mentioned by Perrons (2005) are the NPD project leaders. Gatekeepers will be ultimately 
responsible for outsourcing decisions.   
 
H 5; NPD project leaders can strongly influence the choice between outsourcing part of the NPD 
research and building or using internal R&D capability. 
 
It is assumed above that, in the early stage of the project cooperation with universities is sought. 
However, universities have the tasks of educating students, performing fundamental research and 
disseminating their results through publications. Only rarely will they execute the research that 
exactly fits in the workplan of a project of a private company.  If a firm wants to cooperate with 
a university, or rather if a scientist from a firm wants to cooperate with a department of a 
university, funds must be made available which enable the university department to adjust their 
field of work to the needs of the project. The usual arrangement is that in exchange for the 
payment the firm acquires the intellectual property rights (IPR) generated during the research. By 
doing so the firm avoids the risk of opportunistic behaviour from commercial partners. Bercovitz 
and Feldman (2007) found that universities are preferred when the firm perceives potential 
conflicts over IPR. The knowledge that lays the foundation for the IPR will be developed in one 
of the early stages of an R&D project. So, with respect to ownership of IPR, cooperation with 
academia is more likely in the FFE and the early stages of the NPD process. 
 
2.6.3 When are external partners involved in R&D 
This work proposes that in R&D the decision to cooperate with whom and when is not taken on 
company top level but on project level i.e. by the project leader and his team members. It is also 
proposed that this decision will depend on the stage in which the project resides. In the FFE 
cooperation will mainly be sought to solve fundamental, technological problems that prevent 
application of the technology in the firm‘s product range. In the formal NPD process cooperation 
will serve to help meet the criteria to enter the next stage.  
Cassiman et al’s (2009) research is one of the very few that investigated cooperation on project 
level. They investigated the cooperation of STMicroelectronics with universities and companies 
in the light of the trade-off between cooperative and competitive forces that are present in any 
form of cooperation. The result of their study is that cooperative forces dominate in the period of 
value creation, while in the period of value capturing competitive forces prevail. As a spin-off of 
their work they established a relation between the need for fundamental knowledge and 
cooperation with universities. Also they demonstrated the likeliness of cooperation with firms in 
the case of projects with low strategic importance and easy industrialization. They also indicated 
that cooperation with universities was likely to occur in the early phases of R&D but they did not 
establish the obvious link to the stage-gate system for NPD or the research in the front end and 
their results are only valid for one company; STM. This work can be regarded as a follow-up and 
extension of a few aspects of Cassiman‘s article. They proposed to develop a more refined 
understanding of when and how other organizations are sought in R&D projects.  
The present work contributes to the understanding of how and when cooperation in R&D is 
sought and which internal governance structure influences the cooperation. 
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H 6; The decision to cooperate with whom and when is prepared on project level in the 
framework of the NPD process and approved by portfolio management. 
 
The model proposed here is a straightforward combination of EIRMA‘s view on science and 
product development and the stage gate model. The stage gate process only applies to industrial 
R&D processes and therefore only runs during the period of Industry involvement in the EIRMA 
model. In this view R&D in the industry is concentrated on the development of products, but still 
has access to the academic world through the basic research that takes place in the open-ended 
FFE (Figure 2). Contract and public research organizations may contribute to filling knowledge 
gaps during a few of the initial phases of the formal NPD process and product development is in 
this view an exclusive inter-industry affair. 
 
Figure 2 Model for cooperation in the innovation funnel. 
 
 
 
 
2.6.4 R&D Cooperation in the FFE 
The R&D stage that precedes the formal NPD process is here referred to as FFE. Other authors 
sometimes characterise it as explorative research, (Bercovitz and Feldman, 2007; Lichtenthaler, 
2009; v/d Vrande et al, 2009) so as to distinguish it from exploitative research, which is similar 
to technology application/product development, which happens in this model during the formal 
NPD process. The FFE deserves special attention, because much of the literature on industry-
university cooperation fits in this model in the FFE. Whereas the emphasis of the projects in the 
formal NPD process shifts from science and technology towards marketing, projects in the FFE 
are almost exclusively aimed at the S&T that forms the basis for the firm‘s products and 
processes. New S&T generation is the premise of universities. This makes academia the most 
likely partners for cooperation during this phase.  
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The fact that also research activities in the FFE are often organized in projects may give rise to a 
lot of misunderstanding among researchers of R&D cooperation. Researchers who study FFE 
projects, e.g. those who study industry-university relationships, and who treat them as if they 
were NPD projects may over-emphasize the importance of technology collaboration (technology 
myopia) on innovation and pass over the phenomenon of knowledge paradox i.e. the fact that 
new knowledge does not necessarily and automatically generate the anticipated levels of 
competitiveness or growth (Knockaert et al, 2010; Audretsch and Keilbach, 2008; Dosi et al, 
2006; Tijssen and van Wijk, 1999). Many of the factors that play a role in the conversion of new 
knowledge into a product and on to a commercial success make part of the dynamics of the 
formal NPD process that follows the FFE-phase. Researchers who lump all R&D together, as is 
the case when studying R&D cooperation on the basis of firm level data, cannot differentiate 
between research during the FFE and research during the different stages of the NPD process, 
which may have an effect on the interpretation of the importance of cooperation with different 
types of organization. 
 
The creative nature of the research in this phase may call for another type of project 
management. The literature on motivational psychology has it that creativity and tight project 
management control is a bad match. For instance, Amabile (1998) has conducted a series of 
studies in R&D labs and other innovation-intensive settings to highlight the importance of 
intrinsic motivation, freedom, and minimal formalized procedures and constraints. Abernethy 
and Brownell (1997) pointed to the high degree of task uncertainty in R&D settings and its 
consequences for the effectiveness of the type of controls applied. This may have consequences 
for the cooperation in this phase of the research e.g. with respect to the choice of partners, the 
type of cooperation contract and the type of output controls. Rather than relying on well defined 
output the contracts are often based on trust and moral obligations to deliver the effort needed.  
For a supplier the reason for cooperation on fundamental science with a buyer may also be to 
lock-in the buyer through common ownership of the science generated, while avoiding to be 
locked-in may be one of the reasons why Bercovitz and Feldman, (2007) found that firms prefer 
to work with universities when the firm perceives possible conflicts over IPR, in spite of the 
higher costs involved. When a supplier cooperates with the focal firm in the later stages of the 
innovation funnel he probably already owns the technology and cooperation is motivated by the 
prospect of sales increase (H4a). 
Projects in the FFE phase need not be tightly bound to one product, not even to one specific 
product category. Projects in the FFE phase may therefore be outside the scope of the decision 
processes of categories or product groups and thus outside direct control of category funnel 
management. This may leave cooperation decisions to other organisational bodies than category 
portfolio management alone; e.g. the functional department that owns the technological 
challenge may be involved. So, cooperation decisions in the FFE phase are proposed and 
prepared on project level, but authorization may follow a different procedure dependent on the 
functional departments involved and the product groups that support the project. 
 
H 7; Cooperation decisions in the FFE are prepared on project level but management 
authorization may follow a different procedure from true NPD processes. 
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2.6.5 Framework for cooperation 
On the basis of the model presented in figure 2 and the hypotheses in the above a framework for 
cooperation has been constructed (Figure 3).  
 
 
Figure 3 Framework for cooperation in fuzzy front end activities and during NPD projects. 
 
 
 
Support for the central hypothesis (H6) cannot only be obtained by direct statistical evidence 
from a survey under project leaders of FFE and NPD projects, but above all by demonstrating 
that partner choice at project level is embedded in the NPD management process. H1 investigates 
if projects are subjected to a stage-gate process. The literature indicates that from 1990 a growing 
percentage of manufacturing companies uses stage-gate processes to manage R&D processes. 
H2 checks the general belief that universities predominantly cooperate with firms in the early 
stages of the NPD process and the phase preceding the proper NPD process. H3 investigates the 
early involvement of suppliers and customers. According to the literature, in the early phases of 
R&D suppliers can only contribute to the internal R&D capacity of the firm if they have a deep 
understanding of their supply i.e. if they can replace universities. H4 poses that cooperation with 
industrial partners mainly occurs at the later stages of the funnel (4a) and that cooperation with 
universities at this stage (4b) is very unlikely. H5 has a relation with H1 in the influence the 
project leader and his team have on the choice of the partner and the decision of portfolio / 
funnel management to admit the project to the next stage. H6 wraps up all the preceding 
hypotheses and H7 poses that also in the FFE cooperation decisions are taken on project level but 
that authorization for this cooperation is outside the scope of category portfolio management. 
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3 Methods 
 
3.1 Target group and sampling 
The first objective of this work is to contribute to the amalgamation of two streams of literature; 
the first is the literature on cooperation and outsourcing and the second is the one on 
management of NPD processes. This can only be done by demonstrating that cooperation results 
from attempts to fill knowledge gaps in internal projects and that those projects are subject to an 
NPD management system.  
The second objective of this research is to establish if the type of R&D cooperation in companies 
is determined by the stage of the NPD project in the NPD management process. This research 
could therefore not rely on data on firm level that are known from national or international d-
bases such as Community Innovation Surveys, because those data are aggregated and lack the 
separation in projects and research phases this work is looking for. The target group should 
consist of respondents that are likely to be in the know of the data pertaining to individual R&D 
projects. Therefore R&D project leaders have been chosen as the target group. Not only should a 
respondent be an R&D project leader, (s)he should also have experience in cooperation with 
external partners, be it academia, companies, consultants or contract/public research 
organisations (CRO‘s and PRO‘s).  
In his research into co-opetition Cassiman et al (2009) used five interviews held in one company 
(STMicroelectronics) at one location and data from the company‘s 52 R&D projects as the basis 
for their article, but left the influence of the staged character of the NPD process and  funnel 
management on cooperation out of consideration. Complementary to the work of Cassiman et al 
this research was held under 41 R&D project leaders from 33 different companies and is devoted 
to subjects Cassiman left untouched. The companies listed in Annex 1 have participated in the 
survey and have indicated to have no objection against being mentioned as a contributor to this 
study. All other contributing companies are known to the author.  
The sample of project leaders and companies has not been randomly chosen and is far smaller 
than 400; the minimum sample size to be able to claim representativeness for R&D projects in 
the manufacturing industry with > 95% certainty (see Annex 2). As a result this investigation 
does not pretend to be representative for projects in the industry at large. Moreover, the sample 
has a bias for large companies and companies from the foods and drinks business. The R&D 
project leaders are direct or indirect personal contacts of the author. There were no more than 2 
project leaders from the same company to avoid dominance in the results of the way of working 
of one particular company.  
 
3.2 Survey 
The research instrument was to be appropriate for obtaining quantitative data on the relation 
between development stage and type of cooperation partner.  A survey sent by e-mail to 111 
R&D project leaders at 78 different companies was chosen as the research instrument. The 
reason for using a survey in stead of e.g. interviews is the geographical distribution of the 
respondents over Europe, USA and New Zealand. Interviews by telephone would have been 
most appropriate, but a written survey offers the advantage for the respondent to fill it out when 
they want and it leaves the respondent time for reflection. 
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The survey was composed of slight adaptations of questions and statements occurring in the CIS 
4 (question 6.3), Fontana‘s KNOW survey (notably questions C8, C9, D2 and D5) and Griffin‘s 
PDMA survey (questions I.2 and I.3). 
The survey was tested by 3 (former) project leaders from Unilever Research & Development 
Vlaardingen (UR&DV). Their remarks and improvements have been implemented in the final 
survey. The survey has been attached to this article in Annex 3.  
 
3.2.1 Organisational environment 
The aim of this work is to establish the relation between the phases in which the NPD project 
resides and the type of cooperation partner during those phases. Therefore it is important to 
establish if the companies in the sample use an NPD management process that is subdivided in 
phases, such as a stage-gate system. The essential organizational elements of any stage-gate 
system are the stages an NPD project is divided into and the management reviews (gates) in 
between the stages. Management reviews require a management team with the power to take ‗go 
– no go - hold‘ decisions. Although the number and the names of the stages may vary from 
company to company all stage-gate systems have as their purpose to convert an idea to a product. 
Investigations into the use of stages and gates in NPD projects have been held since the first 
Booze-Hamilton survey (1968), but the term ―stage-gate‖ was coined and registered as a trade 
name by Cooper et al in 1990. A review of research into the best practice of NPD management 
processes with the stage gate method was performed by Griffin (1997) 
Besides the number and names of the stages also the criteria that must be met to pass the gates 
may vary in character (Tzokas, 2004). Moreover, successive PDMA (Product Development & 
Management Association) surveys have investigated the strictness with which the criteria for 
gate passage were applied and those surveys showed a wide variation in the degree of strictness 
between companies (Griffin, 1997). Inquiring after the strictness of application of criteria for 
gate passage implicitly assumes the presence of those criteria. This survey does not investigate 
the degree of strictness with which gate criteria are applied, but merely lays down the presence 
or absence of criteria and the other essential elements of the stage gate system in this sample of 
companies. Likewise, it is not the purpose of this survey to investigate how the portfolios of the 
companies are managed but only if there is an organizational body responsible for this task. 
 
3.2.2 Location of projects in stages 
For experienced R&D project leaders it should be possible to locate his/her NPD project within a 
stage of a defined stage-gate system and pinpoint the stage at which cooperation with the 
different types of partners takes place. Therefore, the survey questions needed to be drawn up in 
such a way that all respondents could easily understand how the R&D path had been divided into 
stages. In order to create clear differences between the stages, from idea generation to product 
launch, the entire R&D path was divided in only three stages. (see survey; Annex 3) An 
important reason why this survey was only sent out to only experienced R&D project leaders is 
because of their familiarity with stage-gate systems which enables them to translate the system 
used in their own company to the system defined in this survey. Subdividing the entire NPD 
process in more stages would have been possible, e.g. Veryzer, 2005 and Cooper, 1990 used five 
stages, while Song and Montoya-Weiss (1998) found stage-gate systems with between four and 
eight stages in their literature study. However, a larger number of stages would only have added 
to the difficulties for respondents to remember the differences between the characteristics of the 
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stages and three stages is sufficient to support or reject the hypotheses laid down in Theory 
(Chapter 2). 
3.3 Data Processing 
Statistical processing of data enables us to draw general conclusions about a population, 
provided that the sample has been randomly chosen from the total population and that it is large 
enough to warrant conclusions that are valid for the total population. These two conditions have 
clearly not been met in the case of the sample of project leaders that filled out this survey. That is 
why statistical processing has an only limited value for the conclusions. Where statistical 
processing has been applied it merely serves to indicate that the chance is small that the observed 
frequencies originated from random responses to the statements of the survey and as support of 
conclusions that are drawn on the basis of e.g. histograms, but does not serve as an attempt to 
extend the validity of the results to the population of NPD projects as a whole. 
 
Frequency distribution per organisation type over the stages 
Under H0 the frequency distribution over the stages was assumed to be homogeneous for each 
type of organisation. The theoretical assumption of equal frequencies was tested using the chi-
square goodness-of-fit test (df = 2). Likewise, the frequency of occurrence of each organization 
type is assumed to be equal at each stage (df = 3).  
The chi-square goodness-of-fit test can also be applied to discrete distributions such as the 
binomial distribution. A binomial distribution is used when there are exactly two mutually 
exclusive outcomes of a trial, which is the case in most statements of the survey.  
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4. Results 
 
The survey was sent to 111 R&D project leaders at 78 different companies. 41 responses were 
received from 33 companies (37%), of which 1 was only partly fit for use. Notably the non-
response rate from the indirect contacts was high. One of the reasons for the low response rate is 
that some firms not only regard their new products and production processes as secret, but also 
the way in which the NPD process is managed. 
 
4.1 Stage gate system for managing the New Product Development process 
The majority of the respondents (88%) indicates that their companies use a stage gate system for 
managing their R&D processes. This is markedly higher than reported by Rundquist and Chibba 
(71%, 2004) and Griffin (67%, 1997), but the sample has a bias for large companies and 
consequently the results of this survey are predominantly based on data from large companies, 
which are more likely to use such systems, whereas Rundquist and Chibba took their sample 
from Swedish SME‘s. 
Griffin (1997) differentiated between firms with strict application of criteria for gate passage and 
firms with a more flexible approach and found that only 50% applied strict criteria for gate 
passage.  In this survey only the presence or absence of six management tools of the stage gate 
system was measured. The perceived presence of all six elements would imply a relatively strict 
application of the stage gate system while a low number points at a flexible approach. (See fig 
4.1)  
 
Fig. 4.1; Application of stage-gate system management tools 
  
 
 
 
Although 88% of the respondents indicate that their firm uses a stage-gate system, only 54% of 
the respondents answer that their firm applies all 6 management tools of the stage gate system. 
This result is in good agreement with Griffin‘s findings. 92 % use clear decision moments and 
94% apply technological criteria but only 72% apply market criteria.  
Hypothesis 1; The majority of firms in this sample divide their NPD processes in stages, but not 
all of them apply all process management tools all the time. 
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4.2 Type of cooperation partner and stage of the NPD process 
The relation between the stage in the NPD process and the type of partner used in the different 
stages can be visualized in histograms by plotting the frequency of occurrence of the different 
types of partners against the stage number. (Figure 4.2 through 4.5) 
 
Frequency distribution per type of organization  
 
Fig. 4.2                                                          Fig. 4.3 
        
 
 
Fig. 4.4                                                          Fig. 4.5 
 
 
 
Analysis per type of organisation 
Figure 4.2 conveys the idea that cooperation with universities mainly occurs in the early stages 
of the R&D process. The graphs also show that the frequency distributions over the stages for 
companies and consultants have smaller variations around a mean value than the frequency 
distribution of universities. Cooperation with PRO/CRO‘s seems to be slashed after stage two. In 
this respect PRO/CRO‘s show some similarity with universities. 
If the response had been random the frequency distribution over the stages would be 
homogeneous for each type of organisation. This assumption of equal frequencies was tested 
using the chi-square goodness-of-fit test. For universities the distribution of the frequencies over 
the stages deviates from a homogeneous distribution (p < 0.001; df = 2). This also holds for the 
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frequency distribution of PRO/CRO‘s over the stages (p < 0.05; df = 2). The chance that the 
frequency distributions are the results of random response is therefore small. 
Hypothesis 2, which states that cooperation with universities occurs predominantly in the first 
phase of the NPD process or in the FFE, is made plausible by the data in this sample. The 
hypothesis is further underpinned by agreement with the statement, that cooperation with 
universities is very unlikely at stage 3 (Annex 4, Table 4; Statement 3.3), which also supports 
hypothesis 4b.  
Hypothesis 2 is also corroborated by the response to statement 3.2 (Table 4), which is about the 
reason for seeking cooperation with universities i.e. the fundamental, scientific nature of the 
research during the early stages of the NPD process.  
The sample included a relatively large number of projects from the (bio)pharmaceutical, 
nutraceutical and medical industries and an under-representation from e.g. textile, engineering, 
automotive and electronic industries. In projects that require medical endorsement cooperation 
with universities is vital at all stages of the innovation process. The frequency for universities in 
stage 3 may therefore have been overestimated.  
 
Frequency distribution per stage 
 
Fig. 4.6         Fig. 4.7 
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Fig. 4.8 
 
 
 
Graph 4.6 and 4.7 show that cooperation with all four types of partners occurs about equally 
frequently in stage one and two. But graph 4.8 shows a clear over-representation of companies 
and an under-representation of universities in stage 3. The dominance of inter-company relations 
in stage 3 is further supported by agreement of the respondents with the statement that 
cooperation with companies occurs more frequently than with universities and research 
organisations (Table 4; statement 5.2). 
The frequency distribution of the organizations per stage only deviates from a homogeneous 
distribution in stage 3 (p < 0.01; df = 3). In spite of the fact that respondents agree that there are 
clear differences in the cooperation with other organizations between the stages (Table 4; 
Statement 3.4) this is only clear from the frequency distribution in stage 3. 
 
4.3 Cooperation with Suppliers in stage 1 and 2 
Cooperation with suppliers, which form a subclass within the Companies, occurs in every stage 
of the NPD process. Cooperation with suppliers in the first stages of the R&D process occurs 
mainly for the suppliers‘ deep and proprietary knowledge of their products (Table 4; Statements 
4.1 and 4.2) which is in agreement with the findings of Rundquist and Halila (2010) and the 
respondents deny that the reason for cooperation with suppliers is that they provide this 
knowledge for free (Table 4; Statement 4.4). Considerations on IPR ownership rather than R&D 
costs are important for firms involved in product innovation. (Gooroochurn, 2007).  
So, respondents indicate that the reason for cooperation with suppliers is because of the deep 
understanding of their products (Hypothesis 3).  
However, this statement needs refinement.  Rather than replacing academic support in the first 
stages they add a layer of different and more specific knowledge next to the knowledge provided 
by the universities. This refinement was also suggested by Un et al (2010). 
Here too a remark should be made with respect to the composition of the sample. The sample 
contains many suppliers from the Foods & Drinks industry. The suppliers of those suppliers are 
firms from the primary sector which are generally not very active in research. Survey questions 
related to R&D cooperation with suppliers are therefore hardly relevant for this group of 
companies, although branch organisations may fulfil the R&D role in the primary sector. 
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4.4 Cooperation with other companies in stage 1 and 2 
When firms cooperate with other firms in the early stages of the NPD process the cooperation is 
of a non competitive nature e.g. cooperation with firms in another business area.(Table 4; 
Statement 4.5) The majority of the respondents indicates that cooperation with competitors is 
quite rare, which is in agreement with Miotti and Sachwald‘s findings (2003). No support was 
found for the statement that cooperation with competitors serves to set industry standards, which 
may be explained by the fact that the majority of the firms in the sample is from the Foods & 
Drinks business and not from the high tech (electronics) industry.  
 
4.5 Cooperation with companies in stage 3 
Figure 4.8 shows that in stage 3 of the NPD process cooperation with companies occurs more 
often than with any other type of organisation. Also the response to statement 5.2 (Table 4) 
confirms this finding. However, respondents deny that suppliers dominate the relationships 
(Table 4; Statement 5.1). 
Hypothesis 4a is tentatively supported by the results of the survey i.e cooperation with other 
companies occurs more often than cooperation with other organisations, but results suggest that  
cooperation with suppliers does not dominate the external relationships. 
So, although in this sample companies, including suppliers, cooperate more with the focal firms 
than other types of organisations, it does not mean that suppliers dominate the external 
relationships in stage 3. The respondents observe however that suppliers who are involved in the 
last stages of development, are likely to continue as a supplier in the post-launch period. (Table 
4; Statement 5.4) 
Consequently, this result does not unequivocally support Quinn‘s idea (2000) of frequent 
cooperation with suppliers in the late development phase, but it fits well in the combination of 
EIRMA‘s model for product development and the staged process in the innovation funnel. 
(Theory 2.6.3), which suggests a predominance of inter-company relations during the last stage 
of the NPD process. 
  
The contribution of other companies to the progress of an NPD project is considered more 
important than the contribution of universities or CRO/PRO‘s to the progress (Table 4; 
Statement 5.3). This is in line with, but not an exact copy of Un‘s (2010) result that the narrow 
knowledge base of suppliers has a larger positive impact on product innovation than the wider 
knowledge base provided by collaborations with universities. The distinction is, that in this 
research ‗progress‘ should be translated into progress towards meeting gate criteria, while Un 
means progress towards her interpretation of the construct of product innovation.  
 
4.6 Influence of R&D project leaders on partner choice 
Cohen and Levinthal (1990) stressed the importance of the presence of an internal capacity to 
absorb the knowledge acquired from external sources. Knowledge of the internal capacity is 
crucial for establishing the gap with the required knowledge. All respondents answered to know 
the internal capacity available to solve the research hurdles in their projects and a significant 
majority of them perceives that, for outsourcing decisions, funnel management relies on the 
information provided by the project team.( Table 4; Statements 6.3 and 6.4). A project team‘s 
proposal for outsourcing (a part of) the research work is generally approved by management 
(Table 4; Statement 6.5). The respondents disagree with the statement that management chooses 
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the external parties regardless of the information the team presents to them (Table 4; Statement 
6.7). 
Based on the result i.e. management‘s approval of the team‘s outsourcing proposal, and on the 
fact that management relies on the team‘s input to arrive at that decision it is clear that NPD 
project leaders, who present the team‘s information to (portfolio) management, have a strong 
influence on the choice between outsourcing and using internal capability. So, within the 
restrictions imposed by the sample there is agreement with the statement that NPD project 
leaders can strongly influence management decisions on outsourcing (Hypothesis 5).  
 
This result also agrees with Perrons‘ (2005) view that R&D cooperation between companies and 
third parties is not determined by any longstanding corporate policy or historical relationship, but 
by individuals. This investigation further shows that those individuals may be the project leaders 
who exert their influence on gatekeepers, who ultimately give approval for the cooperation.  
The reason for management to rely on the team‘s information could have been in the team‘s 
unique knowledge of external capabilities within the company. But, the project leaders do not 
agree with the statement that project team members are among the few who can judge the quality 
of external capabilities (0.01<p<0.05) (Table 4; Statement 6.2). There is also no significant 
agreement with the statement that the choice of the partner is seldom contested. (Table 4; 
Statement 6.6). This means that the team‘s proposal will be challenged, but that nevertheless the 
outcome is often in line with the team‘s proposal. 
 
The activities carried out by the project team are aimed producing the information that will 
convince funnel management that the criteria for gate passage are met (Table 4; Statement 7.1). 
Any data that cannot be produced internally will be sourced from outside the company and those 
data are related to, or instrumental to, the internal activities for meeting the criteria of the next 
gate (Table 4; Statement 7.2). Complementarity between internal and external innovation 
activities has also been proposed by Caloghirou et al (2004), Poot (2009), Cassiman and 
Veugelers (2006), Becker and Dietz, (2004) and Miotti and Sachwald, (2003). This work shows 
that complementarity is not established on firm level basis but on a project by project basis, 
which also fits into Perrons‘ (2005) view of establishing relations between companies and 
institutions. 
 
4.7 Cooperation with whom and when 
In chapter 4.2 it was demonstrated with which type of organisations (who) a project seeks 
cooperation, dependent on the development stage in which the project resides (when). In chapter 
4.6 it was shown that the cooperation decisions are prepared on a project level and next approved 
by NPD (portfolio) management (formal NPD management framework). These two chapters 
tentatively support the central hypothesis (H6) of this research that; The decision to cooperate 
with whom and when is prepared on project level in the framework of the NPD process and is 
approved by portfolio management.  
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Table  5  Summary of results 
Hypothesis Made plausible by Is in line with the following literature 
1 Statements 1.1 through 
1.6 
Rundquist and Chibba (2004) ; Griffin (1997) 
2 Statement 3.2 Quinn, 2000; Un et al, 2010; WG63 of EIRMA, 2005 
3 Statements 4.1, 4.2 Rundquist and Halila (2010); Gooroochurn, 2007 
4a Statement 5.2  WG63 of EIRMA (2005); Un (2010) 
4b Statement 3.3 Complements Cassiman et al (2009) 
5 Statements 6.3, 6.4, 6.5 Perrons (2005) 
6 Result of this work Cooper (1990), Quinn, 2000; Un et al, 2010; WG63 of 
EIRMA, 2005 
7 Statements 8.1 through 
8.4 
Oliveira and Rozenfeld (2010); Koen et al (2001); 
Bessant (2010) 
 
4.8 The FFE phase; scatter of management practices. 
83% of the R&D project leaders indicated that their projects included an FFE phase. Of the 
projects that included an FFE phase the team or the team leader selects the partner in 82% of the 
cases.  
Approval for outsourcing R&D work in this phase does not follow a clear procedure as is the 
case in NPD projects. In some companies project leaders are allowed to go-ahead with 
cooperation or outsourcing without approval from more senior managers as long as they stay 
within their budget limits. In most companies NPD management also decides on outsourcing in 
the FFE and a minority of companies leave decisions to other senior managers than NPD 
managers. Several respondents used the free text field to explain that the hierarchical level on 
which outsourcing decisions are approved may also be dependent on the amount of money and 
the strategic importance involved in the decision. This scatter of management processes found in 
the sample in the FFE shows similarity with results from the existing literature which reports that 
innovation management is struggling to find a best practice for this phase (Oliveira and 
Rozenfeld, 2010, Koen et al, 2001, Bessant, 2010). The tentative conclusion is that decisions in 
the FFE are prepared on project level but that management authorization may follow a different 
procedure from true NPD processes. 
 
4.9 Miscellaneous data 
There were seven companies from which two responses were obtained. The responses from those 
companies showed some remarkable differences, indicating that different product groups within 
the same company may follow different processes for innovation management. It shows the 
sensitivity of survey results for the position of the respondents. 
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5 Conclusion and most important results 
The aim of this research was twofold; 
- to contribute to the amalgamation of two streams of literature; the first one is the 
literature on cooperation and outsourcing which pays no or very scant attention to the 
management of the NPD process, and the second is the one on management of NPD 
processes which ignores to a great extent the phenomenon of cooperation and 
outsourcing.  
- to make it plausible that the type of R&D cooperation in companies is determined by the 
stage of the NPD project in the NPD management process. 
Producing evidence to support the aims mentioned above was aiming too high. Small sample 
size, non-random sampling and a bias for large companies prevented validity and universal 
applicability of the results of this study. Within the restrictions imposed by the sample interesting 
results were obtained that show good agreement with some articles of the existing literature and 
indications can be presented for the direction of a future study on the distribution of the type of 
cooperation over the stages of NPD. 
 
This article makes a modest contribution to the amalgamation of NPD literature and cooperation 
literature by illustrating that knowledge from both streams is necessary to understand why 
cooperation with a certain type of partner is necessary at a certain research stage and that 
cooperation is embedded in internal projects that are subject to the NPD management process. 
Results are generally in line with the literature that treats cooperation as a complementary part of 
an internal project. 
 
In most companies in the sample NPD management not only decides on cooperation issues in the 
innovation funnel but also decides on outsourcing in the FFE and a minority of companies leave 
decisions to other senior managers than NPD managers. However, respondents indicate that 
process management patterns are more divers than those in the funnel, which agrees with the 
literature on management of front end activities (Oliveira and Rozenfeld, 2010, Koen et al, 2001, 
Bessant, 2010). 
 
The second research aim was investigated with a survey that should produce support for six 
hypotheses. The hypotheses concerned the staged NPD process in which cooperation takes place 
and the analysis of the dependence of the type of cooperation partner on the stage of the NPD 
process. In view of the shortcomings of the sample statistic support for the hypotheses cannot be 
derived form it, but this study found that the majority of firms in the sample execute and manage 
their NPD processes with some form of stage-gate process, preceded by a fuzzy front end. This is 
consistent with the existing literature, which indicates that from the sixties in the previous 
century a growing share of the manufacturing companies uses stage-gate processes to manage 
R&D processes (Griffin, 1997; Rundquist, 2004). 
 
The aim of this research was also to find out in actual practice, and on a project level, if 
cooperation with different types of organisations depends on the stage of the research phase. This 
study is one of the few which shows quantitatively, albeit with only a small sample, that 
cooperation with universities is concentrated in the front end and first stage of the innovation 
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funnel, but that universities do not dominate the relationships during those stages. This is in 
agreement with the literature that expresses a general belief that companies mostly cooperate 
with universities during the first stages of the NPD process (Quinn, 2000; Un et al, 2010; WG63 
of EIRMA, 2005). However, these authors neither give figures, nor do they refer to quantitative 
studies on the subject, nor does the cooperation literature explicitly refer to the staged character 
of the majority of NPD processes. 
 
(Bio)pharmaceutical-, medical- and nutraceutical research in companies is closely tied to 
fundamental research performed in biology and chemistry departments at universities (Fabrizio, 
2009). These companies may also require cooperation with universities from beginning until the 
end of the innovation funnel because of endorsement considerations. The conclusions of this 
work on the relation between the stage of research and cooperation with universities could have 
been more explicit if those companies were deleted from the results. At the same time it is clear 
that more projects from these fields of research would have blurred the present result. 
 
Miotti and Sachwald (2003) claim that “the very reasons that explain why firms co-operate, 
simultaneously determine with whom they co-operate“. This work shows that the reason why the  
firms in the sample cooperate with e.g. universities is because of their contribution to the 
understanding of the fundamental, scientific problems that must be solved during the early stages 
of the NPD process and that the reason for some firms to continue their cooperation with 
universities until launch is in the endorsement of new products. This is in agreement with the 
view that the driver for firms to enter into R&D cooperation is primarily the complementarity of 
resources. Complementarity also refers to the cooperation with suppliers who add a different and 
more specific layer of knowledge to the fundamental knowledge brought in by academic 
partners. Complementarity between internal and external innovation activities as a driver for 
cooperation has been proposed by Poot (2009), Cassiman and Veugelers (2006), Caloghirou et al 
(2004), Becker and Dietz, (2004). This work tentatively shows that cooperation is not established 
on firm level basis but that it results from an identified knowledge gap in a project. Perrons 
(2005) claims that outsourcing decisions may succeed or fail, not because of any kind of 
longstanding corporate policy or historical relationship between companies, but because of 
linkages between managers and personnel within those companies. This study suggests that 
individuals with a large influence on establishing those linkages should be sought among the 
project leaders in the NPD process. 
From a theoretical point of view looking for complementary resources is in line with the 
Resource Based View on cooperation.  
 
The results suggest that cooperation with companies, consultants and PRO/CRO‘s occurs in any 
stage, but that relationships with companies occur more frequently during the last stage(s) of the 
funnel, which is in line with the combination of EIRMA‘s view of product development and 
Cooper‘s stage-gate model for managing NPD processes. Although the results indicate that 
suppliers do play a role in the last stage of the funnel, and indeed in any stage, in this study they 
merely form a subclass of the much wider class of companies. So, on the basis of this survey, 
domination of inter-company relationships may not be interpreted as domination of supplier 
relationships in the last stages of the funnel. 
A Google search with ―early supplier involvement‖ (ESI) as the search criterion yielded no less 
than 95,200 results. In the light of this figure it is surprising that the respondents indicate that 
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cooperation in R&D with non-competing, other companies is not dominated by the cooperation 
with suppliers. This could point at an imbalance between the attention for the roles of suppliers 
and other non-competing companies in the late development stages of the NPD process. 
 
The results indicate that cooperation with universities and CRO/PRO‘s does not continue during 
the entire R&D period. Most of these relations will end before the start of the launch phase. This 
agrees with the results of Cohen, Nelson and Walsh (2002) and with Cassiman‘s (2009) result 
that those organisations ‗are more likely to be a contractual partner in a particular activity than a 
cooperative partner on the whole project‘. The results of this study show that those activities are 
predominantly aimed at meeting the criteria for gate passage or at solving technological barriers 
in the front end of the funnel. 
 
This study also shows that the decision to outsource a part of the research results from the 
management process of the staged innovation process and that such a decision is closely linked 
to technological and marketing information that must be produced in order to meet criteria for 
gate passage (Tzokas et al, 2004, Debackere, 2006). Cassiman‘s (2009) competition 
considerations are part and parcel of the market criteria for gate passage. 
39 
 
6 Discussion 
6.1 Reliability of the methods used 
The sample is small and respondents have not been chosen at random from the population of 
R&D project leaders. They are mainly from large firms, with a bias towards firms from the 
Foods & Drinks business. As a consequence the results of this research may not be extrapolated 
to the manufacturing industry at large. It also means that the nature of this study is more 
exploratory i.e. attempting to open up unexplored territory and to elicit further study, than 
explanatory. Conclusions are only valid for the firms in the sample, but they are remarkably 
often supported by the existing literature and therefore may have a wider scientific impact than 
warranted by this study alone. 
 
6.2 Contribution to the existing literature  
The literature on cooperation has covered many subjects and as far as it concerned empirical 
research, it has mostly been based on data on firm level. Unfortunately, data on firm level have 
lost all differentiation with respect to type of project, development stage and cooperation partner. 
By contrast, quantitative research into cooperation on a project level has been scarce (Rundquist 
and Halila, 2010). The literature on staged NPD processes and portfolio management, on the 
other hand, is mainly concerned with questions of effective process and portfolio management, 
decision processes, the disposition of decision makers (Mc Nally, 2009; Patrakosol, 2007; Smith, 
2007; Yahaya and Abu-Bakar, 2007; Song, 1998;Veryzer, 1998; Shenhar, 1996) and most of all 
with the holy grail of NPD management; development of management processes that are suited 
for innovations designated by overblown adjectives such as discontinuous, radical, breakthrough, 
disruptive and game changing.  However, simple, quantitative data on the relation between the 
stage of the NPD process and the type of cooperating organisation, which forms the connection 
between these two streams of literature, have been scarce. In order to produce these quantitative 
data research on project level was necessary. Therefore this study is an attempt to fill a gap in the 
existing literature. 
 
Figures from the literature on the involvement of academia in the first phases of industrial R&D 
are restricted to those in an occasional case study (Cassiman et al, 2009) and also proved hard to 
produce in large quantities during this work. Moreover, even from a sample as small as the one 
presented here, it became clear that the limitation of academic involvement to the first stages 
does not hold for every branch of industry. The value of this work is therefore not only in 
quantitatively underpinning a relation which so far had a very narrow empirical basis, but also in 
showing that there are large differences in the reasons why firms may cooperate in R&D. 
 
In chapter 2 (Theory) it has been demonstrated that many of the determinants for cooperation put 
forward by one group of authors are cast doubt upon by another group using the same statistical 
rigour to prove their point. The loss of detail that inevitably occurs when research is done into 
cooperation on an organizational level, instead of on project level, may be one of the reasons for 
the observed, apparently contradictory findings on cooperation. In data that are present on firm 
level it is hard, if not impossible, to tell which data belong to formal NPD projects and which to 
idea exploring or technology development projects. It takes data on a project level to determine 
the innovative character of a research project and to establish which type of partner cooperated 
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during which stage in that particular project. Next it may prove hard to establish the value of the 
contribution of the partner to the result of the entire project.  
This work is one of the first to give a quantitative indication that cooperation with universities 
will mostly be found in the front end of product development and the first stage of the proper 
NPD process, which is in agreement with the general belief (Un et al, 2010), an educated guess 
(Quinn, 2000) and Cassiman‘s (2009) empirical result at STMicroelectronics. Taken into 
consideration that the vast majority of the R&D projects concerns incremental innovations, such 
as line extensions, upgrades and product improvements (Bercovitz and Feldman, 2007; Veryzer, 
1998), it is very likely that most of the contribution of universities to a firm‘s fundamental 
research serves to make small improvements or to make scientifically underpinned claims on 
their products rather than to produce breakthrough innovations. The literature based on firm level 
data should be careful in drawing conclusions about the relation between the type of cooperation 
partner and the degree of radicalness of research in spite of any statistically significant relation 
between cooperation with universities and some measure of radical innovativeness. 
 
Luo (2010) drew attention to one of the questions that remained from Brown en Eisenhardt‘s 
work (1995) i.e. the question how and when suppliers and customers were involved in the R&D 
work. This question cannot be completely answered by the present research. But at least, this 
research contains indications for involvement of suppliers in the R&D process from beginning to 
end and it shows that the stage related differences are clearest for cooperation with universities.  
Unfortunately it has to be added that the nature of the projects in the sample in this work has 
partly determined the result. For instance, an even larger proportion of projects from e.g. the 
(bio)pharmaceutical industry would have blurred the result on the distribution of university 
participation over the NPD stages. So, also empirical research on a project level may give rise to 
large variations in the conclusions due to bias and it will take quite a large, random sample to 
warrant conclusions valid for NPD projects in general. 
 
In contrast with Belderbos et al (2004), Un et al. (2010) mentioned as one of their results that, 
while R&D collaborations with both suppliers and universities are positively related to product 
innovation, the narrow knowledge base provided by collaborations with suppliers appears to 
have a larger positive impact on product innovation than the wider knowledge base provided by 
collaborations with universities. Both research groups investigated data on firm level. 
The results of this research, on project level, agree to a certain extent with Un‘s finding. Through 
their proprietary and specific product knowledge suppliers contribute to progress towards 
meeting gate criteria of the first stages and their cooperation continues up to the last stage. The 
respondents also mentioned that suppliers are likely to continue the cooperation in the post 
launch phase if they cooperated in the last stage of the innovation funnel. The results of Un et al 
could therefore be refined by the results of this work. Un‘s reported perception of a larger impact 
of the contribution of suppliers may be explained by the absence of university participation 
during last stages of the innovation funnel as found in this work. Recency effects may play a role 
in the answers from respondents. 
 
Cassiman et al (2009) identified 4 project knowledge attributes that determined if R&D work 
should be outsourced. Scientific, medical endorsement as a reason for outsourcing, which 
emerges in this report as a reason for cooperation with universities until the very last stage of the 
innovation funnel, is not important for STMicroelectronics and therefore stayed hidden for 
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Cassiman et al. The value of the present article is therefore in the wider coverage of industries 
which unveils that there will be more considerations on outsourcing than the knowledge 
attributes identified by Cassiman et al (2009) alone. Other project attributes that determine the 
need for outsourcing have already been given by Barragan et al. (2003) and concern e.g. the need 
for control over the results, the need for flexibility of choices and the time scale on which the 
project result is needed.  
The result of this work extends Cassiman et al’s (2009) result on the relation between the phase 
of fundamental research and cooperation with universities to a wider collection of firms, as 33 
different companies participated in the survey. 
 
Studies into the relation between the presence of an R&D department or the company size and 
the propensity of cooperation start from the expectation that larger firms will have larger R&D 
departments and hence more cooperation with third parties. However, by the same token one 
could argue that bigger firms will have larger R&D departments and thus will have more 
capabilities in-house and hence have less need to rely on the help of third parties. The odds are 
that in studies with a sample bias to small or large companies, or to poor or cash-rich companies 
the conclusions fly in every direction. Based on turn-over pharmaceutical companies spend about 
ten times as much on research as companies in the foods or textile industry. Firms of equal size 
may therefore vary a factor ten in propensity for cooperation. Cash-rich companies, big or small, 
may show a relatively high propensity to outsource R&D to third parties that require a high 
expenditure i.e. cooperation with universities, consultants and PRO/CRO‘s. SME‘s and larger 
companies that cannot afford to outsource R&D activities will have to rely on inter-company 
cooperation or resort to a fast follower strategy and restrict themselves to development. These 
considerations make it plausible that literature data on firm level make it hard to conclude 
anything meaningful on the propensity for cooperation solely based on size or the presence of an 
R&D department. Research on a project level into the need for cooperation in projects of 
precisely demarcated industries could lead to statements on propensities for cooperation with a 
more solid basis.  
 
Studies on horizontal, vertical and institutional cooperation have been devoted to the question 
with whom the most innovative results can be achieved, or which type of cooperation leads to 
the highest increase in sales, or which is best for radical innovations. This work shows that 
cooperation happens with partners of all sorts in the course of a project through the stages of the 
innovation funnel so that the value of each individual contribution to the success of a project will 
be hard to establish i.e. hard to separate from the contribution of other partners and the input of 
the focal firm itself and hard to recall in view of the time elapsed since their contribution. 
Moreover, the nature of the contribution of the partners will change from technological to 
marketing and supply oriented, parallel to the nature of the work in the project. This will add to 
the problem of the attribution of the value of the contribution of partners. 
 
With respect to the relation between number of ties and performance two opposing views can be 
identified in the literature; the first view advocates many, but relatively weak ties with partners 
that offer the focal firm a broad scope and flexibility for knowledge access and the second argues 
that only strong, and consequently fewer ties will give access to the full value of the partner‘s 
knowledge.  From this work the picture emerges that PL‘s will involve as many partners as they 
need to fill knowledge gaps and yet stay within their budget for external research, and avoid IPR 
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issues. The PL‘s reasons for involving many or just a few partners originate from the needs of 
the project, not from firm policy, which is in agreement with Perrons‘ (2005) view on 
cooperation. The number of partners may therefore vary widely, even per project. One could 
argue that each problem in a project requires a phase in which many options for a solution are 
evaluated and relatively many external contacts are consulted. In the next phase the chosen 
solution may be elaborated with one or just a few partners. Dependent on the state of the projects 
in the sample, researchers of cooperation may therefore find results in support of either view. 
 
6.3 Practical implications 
It would be unduly pretentious to derive a best practice for cooperation on the basis of the results 
of this work. However, the signs of this survey are that relations with other companies than 
suppliers may deserve more attention from R&D managers and management science as they 
seem to be underexposed in comparison with ESI.  
For organizational and relationship drivers that may be used to select appropriate partners Stel 
(2011) gives a number of recommendations. 
 
6.4 Recommendations for future research 
The analysis of the frequency of cooperation was only directed at the fact with which type of 
organization cooperation took place in which stage. It has not been investigated how long the 
cooperation lasted on average, or how many times a project cooperates during its lifetime with 
how many partners, nor how much money was involved in outsourcing. And none of this has 
been related to the importance of the contribution of the partner to the result of the project in a 
particular stage or for the final result of the project. Each of those subjects may form the aim of 
future research. Data on these subjects will be hard to obtain on a project level because they are 
very specific, they are important for future products and processes and are often considered 
confidential information. Besides, it will be very hard to estimate the importance or value of the 
contribution of partners to the final result of a project. 
 
The character of the work in a project changes from purely technological in the FFE to market 
and supply chain oriented in the launch phase and so does the type of partner organisation. It is 
imaginable that also the type of people best suited to carry out the tasks and best suited to 
manage the project changes with the character of the work. It would be interesting to investigate 
if this stage related change in character of the R&D projects is accompanied by a change in the 
type of people that carry out and manage the projects. 
 
The survey is subject to the usual limitation in that it is cross sectional, although project leaders 
have no doubt drawn on their experience in past projects in filling out the survey.  The evolution 
of NPD management systems is slow but steady and so are the patterns of cooperation. In the 
sixties of the previous century practically all research was done in-house. Ever since outsourcing 
of research and cooperation have gained interest. It is plausible that companies will retreat 
further from fundamental research in order be able to concentrate on development. In this 
scenario the observed differences between the stages in cooperation patterns are likely to 
increase. Repeat studies to establish trends in cooperation patterns are therefore helpful to 
elucidate the way in which companies organize their R&D. 
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7. Limitations to this work 
The sample has not been randomly chosen from the population of R&D project leaders and the 
size is small relative to the population. Moreover, the sample has a bias for large companies and 
companies from the foods and drinks industry. Small and medium sized companies are under-
represented in the sample and these may show different patterns of cooperation. Larger 
companies which lack funds for cooperation with universities and public or commercial research 
organizations may also have different patterns of cooperation. All of these limitations may call 
for further investigation. The results indicate that there may be quite large differences in the 
cooperation patterns of different branches of industry and in order to draw more explicit 
conclusions it may be helpful to restrict future research to one branch of industry such as 
electronics or foods and drinks.  
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Annex 1;  Companies contributing to this thesis 
 
I am very grateful to the following companies that have cooperated in the survey and have 
indicated to have no objection against being mentioned as contributor to this study. 
  
AB Enzymes, Avebe/Solanic, Bali Medical LLC, Cargill, Cognis, Danisco, DSM, Firmenich, 
Fonterra, FrieslandCampina, Genmab, Lipid Nutrition,  Novozymes, Ohly, Shell, Sonneveld 
Group, Tate & Lyle, Unilever Research & Development Vlaardingen. 
 
I am equally grateful to fifteen other companies that have contributed to this study whose 
company names are known to me. 
 
Wim Bel 
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Annex 2; Minimum sample size; 
 
 (Source; Wikipedia; Sample size determination) 
For sufficiently large n, the distribution of  will be closely approximated by a normal 
distribution with the same mean and variance. Using this approximation, it can be shown that 
around 95% of this distribution's probability lies within 2 standard deviations of the mean. 
Because of this, an interval of the form 
 
will form a 95% confidence interval for the true proportion. If this interval needs to be no more 
than W units wide, the equation 
 
can be solved for n, yielding n = 4/W
2
 = 1/B
2
 where B is the error bound on the estimate, i.e., the 
estimate is usually given as within ± B. So, for B = 10% one requires n = 100, for B = 5% one 
needs n = 400, for B = 3% the requirement approximates to n = 1000, while for B = 1% a sample 
size of n = 10000 is required. These numbers are quoted often in news reports of opinion polls 
and other sample surveys. 
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Annex 3;  Survey 
Introduction 
 
Many companies have a staged management process for bringing a new product project from an idea to 
a launched product. The stages in this process are separated by evaluation moments at which a decision 
is made whether or not to proceed with the project to the next phase. This formal New Product 
Development (NPD) management process is known as the stage-gate process or the innovation funnel. 
 
The collection of projects that have not yet been taken up in the formal NPD process (e.g. to solve 
scientific / technological problems or to elaborate ideas) are referred to in the literature as the (fuzzy) 
front end (FFE) of the innovation funnel. 
Also companies that do not use a formal NPD management process must make decisions at certain 
moments to continue with a research project, to put it on hold or stop it. This survey also encompasses 
this type of R&D management. 
The aim of this survey is to find out if there is a relation between the stage of the research, the type of 
research in that stage and the type of cooperation partner during the different stages of an R&D project. 
 
This survey asks you to draw on your own experience in the project you are leading now or one that you 
have lead in the recent past.   
The aim is to collect responses from about 150 R&D project managers from a wide variety of industries, 
who have experience in cooperation with or outsourcing to third parties. Only aggregated figures will be 
presented in the report of this survey.  In the acknowledgement your company will be mentioned as one 
of the contributors to the article, unless you indicate in the check box that you decide not to be 
mentioned. Please indicate if you would like to receive a copy of the thesis. 
 
    Do not mention my company’s name in the thesis 
 
    Send me a copy of the thesis 
    
 
For each completed survey I will donate € 2.00 to Doctors without Borders. 
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1. My company uses a stage-gate system for bringing a product or process from idea to launched 
product /implemented process;  
 
Yes  
 
No,     if No, skip the statements below and continue with question 2 
 
Our stage gate system uses;         
 
 Agree Disagree 
 
clear decision moments for project evaluation 
 
  
clear, pre-defined criteria for gate-passage 
 
  
criteria for gate-passage pertaining to technological issues 
 
  
criteria for gate-passage pertaining to marketing issues as well 
 
  
a funnel management team that decides about gate passage 
 
  
a funnel  management team that manages the NPD project portfolio  
 
  
      
2. Please indicate in the check boxes in which stage(s) your team cooperated with the institutes 
mentioned in the table. For the sake of convenience the R&D phase has been subdivided in only 
three stages that are characterized as follows; 
 
Stage 1;  
Phase of fundamental, scientific/technological research, idea generation, knowledge 
maintenance, generated knowledge may be applicable to many products of the company, 
no marketing involvement yet. 
Stage 2;  
The project has been recognized as likely leading to a new product/process; clear support 
obtained from one particular product group, still minor technological issues to be solved 
and marketing research started in earnest. 
Stage 3;  
Project passed the point-of-no-return; major capital expenditures authorized, preparations 
for product launch/process implementation made, marketing planning in full swing, 
supply chain contracts in preparation, production facilities being built 
 
 Stage 1 Stage 2 Stage 3 
Universities    
Companies (suppliers, customers, competitors)          
Consultants    
PRO‘s; CRO‘s    
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 (PRO = public research organization; CRO = contract research organization)  
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3. Using the stages defined in question 2; 
 
 Agree Disagree 
In my project I cooperate(d) with universities in the first or second stage   
When I cooperate with a university the subject matter is of a fundamental 
scientific nature 
 
  
Input from universities is very unlikely at stage 3.   
There is a clear difference between the type of partners in the beginning and 
the end of the innovation funnel 
  
 
4.  Using the stages defined in question 2; 
 
When a supplier cooperates with my project team in stage 1 or 2 ; 
 
 Agree Disagree 
The research topic usually concerns his fundamental / proprietary 
knowledge 
  
We use this supplier for their deep understanding of their products  
 
  
We do so because their products are unique in the world 
 
  
We use them because their knowledge is at the level of university groups, 
but they provide it for free. 
 
  
   
When another company cooperates with my project team in stage 1 or 2 ;   
   
The other company usually has its business in another business area than my 
own company (win-win by non-competitive cooperation). 
 
  
The other company will only rarely be a competitor 
 
  
We may cooperate with a competitor to set an industry standard 
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5. Using the stages defined in question 2 and referring to cooperation with companies in 
stage 3 ; 
 
 
 Agree Disagree 
 
Cooperation with suppliers dominates the external relationships 
 
  
Cooperation with other companies (including suppliers) occurs more 
frequently than cooperation with universities or research institutes 
 
  
Cooperation with other companies (including suppliers) has a greater impact 
on project progress than cooperation with universities or research institutes 
 
  
Cooperation with suppliers in stage 3 is likely to continue as a supplier 
relationship after product launch. 
 
  
 
 
6. Influence of project leaders on the choice between outsourcing part of the research and 
using internal R&D capability. 
 Agree Disagree 
 
My team members and I know the capabilities that are externally available to 
solve the research hurdles in my project.  
 
  
My team members and I belong to the few in my company who can judge the 
quality of the external sources of knowledge/technology that are relevant to 
my project.  
 
  
My team members and I can judge the internal capability to solve the 
research hurdles in my project. 
 
  
Funnel management relies on the information from my team on the question 
of outsourcing versus using internal capability 
 
  
My team‘s proposal to outsource certain parts of research work is generally 
approved by (funnel) management 
 
  
My team‘s choice of the outsourcing partner is seldom contested by (funnel) 
management 
  
Management selects our partners. Our information may or may not be used in 
the decision process. 
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7. Cooperation in the framework of the NPD process management. 
 Agree Disagree 
 
The project activities in a certain stage are aimed at meeting the criteria for 
gate passage 
 
  
Cooperation with external partners in that stage is related to or instrumental to 
the project activities in that stage 
 
  
 
 
Only answer the following questions if your project includes at least the FFE phase. 
 
8. For projects in the formal NPD process cooperation decisions are usually authorized by funnel 
management.  For projects in the FFE this may be different.  
 
Select the statements that fit best to your experience with research projects in the FFE-stage; 
 
The project team selects the cooperation partner but authorization for cooperation is the 
responsibility of higher management 
 
       
 
The project leader has the right to approve cooperation as long as it is within his budget 
constraints 
 
 
approval for cooperation in the FFE is given by the same senior managers as the 
approvers in the proper NPD process 
 
 
Approval for cooperation in the FFE is given by other senior managers than funnel 
management of product groups. 
 
 
  
Feel free to add any comments on one or more of the questions in this survey; 
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Thanks for filling out this survey. Please save it and return it to me by e-mail. 
 
w.bel31@upcmail.nl 
 
Wim Bel 
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Annex 4; Table 4 
Chi square test values and significance level of survey results 
 
Statement # Test statistic df Significant at 
p ≤ 0.01 (y/n) 
1.1 25 1 Y 
1.2 9 1 Y 
1.3 28.44 1 Y 
1.4 7.11 1 Y 
1.5 24.03 1 Y 
1.6 15.11 1 Y 
3.1 17.78 1 Y 
3.2 22.50 1 Y 
3.3 19.60 1 Y 
3.4 16.03 1 Y 
4.1 8.53 1 Y 
4.2 24.64 1 Y 
4.3 1.6 1 N 
4.4 24.64 1 Y 
4.5 12.90 1 Y 
4.6 23.44 1 Y 
4.7 0.03 1 N 
5.1 0.42 1 N 
5.2 16.03 1 Y 
5.3 10 1 Y 
5.4 27.92 1 Y 
6.1 21.56 1 Y 
6.2 4.9 1 N 
6.3 40 1 Y 
6.4 8.24 1 Y 
6.5 21.56 1 Y 
6.6 5.77 1 N 
6.7 21.56 1 Y 
7.1 25.60 1 Y 
7.2 16.89 1 Y 
Figure  
number 
   
4.1 32.71 2 Y 
4.2 1.56 2 N 
4.3 0.67 2 N 
4.4 8.35 2 N 
4.5 27.5 3 N 
4.6 10.80 3 N 
4.7 5.21 3 Y 
54 
 
Literature references 
 
Abernethy, M.A. and Brownell, P. (1997)  ―Management control systems in research and 
development organizations: The role of accounting, behaviour and personnel controls‖. 
Accounting, Organizations and Society, 22, Issues 3-4, pp. 233-248. 
 
Ahuja, G., (2000). ―The duality of collaboration: inducements and opportunities in the 
formation of inter-firm linkages‖. Strategic Management Journal 21 (3), pp. 317–343. 
 
Amabile, T. M. (1998). ―How to kill creativity‖. Harvard Business Review, 
76, (5), pp. 76 – 87. 
 
Arora, A. and Gambardella, A. (1990). ―Complementarity and external linkages: The strategies 
of the large firms in biotechnology‖. Journal of Industrial Economics 38 (4), pp. 361–379. 
 
Arvanitis, S., Sydow, N., and Woerter, M. (2008). ―Do Specific Forms of University–Industry 
Knowledge Transfer Have Different Impacts on the Performance of Private Enterprises? An 
Empirical Analysis Based on Swiss Firm Data‖. Journal of Technology Transfer,  33 (5), pp. 
504–533. 
 
 Audretsch D.B.and Keilbach, M. (2008),‖Resolving the knowledge paradox: Knowledge-
spillover entrepreneurship and economic growth‖. Research Policy, Volume 37, Issue 10, 
December 2008, Pages 1697-1705. 
 
Baloh, P., Jha, S. and Awazu, Y., (2008), ―Building strategic partnerships for managing 
innovation outsourcing‖.  Strategic Outsourcing: An International Journal, 1, (2), pp. 100 – 121. 
 
Barragan, S., Cappellino, C., Dempsey, N. and Rothenberg, S., (2003), ―A framework for 
sourcing product development services‖. Supply Chain Management: An International Journal, 
8, pp. 271-80. 
 
Becker, M.C. and Zirpoli, F., (2003), ―Organizing new product development; Knowledge 
hollowing-out and knowledge integration – the Fiat Auto case‖. International Journal of 
Operations & Production Management, 23, (9), pp. 1033 – 1061.  
 
Becker, W. And Dietz, J., (2004), ―R&D cooperation and innovation activities of firms - 
evidence for the German manufacturing industry‖. Research Policy, 33, pp. 209 – 223. 
 
Beise, M. and Stahl, H. (1999), ―Public research and industrial innovations in Germany‖, 
Research Policy, Volume 28, 4, pp. 397-422. 
 
Belderbos, R., Carree, M. and Lokshin, B., (2004), ―Cooperative R&D and firm performance‖. 
Research Policy, 33, pp. 1477 – 1492. 
 
Bercovitz, J.E.L. and Feldman, M.P., (2007), ―Fishing upstream: Firm innovation strategy and 
university research alliances‖. Research Policy, 36, pp. 930 – 948.  
55 
 
 
Bessant,J., von Stamm, B., Moeslein, K.M. and Neyer, A-K. (2010); ―Backing outsiders: 
selection strategies for discontinuous innovation‖, R&D Management 40, 4, pp. 345 – 356. 
 
Bin, G., (2008), ―Technology acquisition channels and industry performance: An industry-level 
analysis of Chinese large- and medium-size manufacturing enterprises‖. Research Policy 37, pp. 
194–209. 
 
Booz, Allen and Hamilton (1968), ―Management of New Products‖, New York, Booz, Allen and 
Hamilton 
 
Brown, S. and Eisenhardt, K. (1995), ―Product development: past research, present findings, and 
future directions‖, Academy of Management Review, 20, 2, pp. 343-378. 
 
Caloghirou, Y., Kastelli, I. and Tsakanikas, A., (2004) ―Internal capabilities and external 
knowledge sources: complements or substitutes for innovative performance‖. Technovation, 24, 
pp. 29 – 39. 
 
Charterina, J. and Landeta, J., (2010) ―The pool effect of dyad based capabilities on seller firms‘ 
innovativeness‖. European Journal of Innovation Management, 13, 2, pp. 172 -196. 
 
Cassiman, B., Veugelers, R., (2002), ―R&D cooperation and spillovers: some empirical 
evidence from Belgium‖. American Economic Review, 92, (4), pp. 1169–1184. 
 
Cassiman, B., Di Guardo M.C. and Valentini, G., (2009) ―Organising R&D Projects to Profit 
From Innovation: Insights From Co-opetition‖, Long Range Planning 42 pp. 216-233. 
 
Chesbrough, H. (2003), ―Open Innovation: The New Imperative for Creating and Profiting from 
Technology‖. Boston: Harvard Business School Press. 
 
Christensen, C.M. (1997); The Innovator‘s Dilemma: When New Technologies Cause Great 
Firms to Fail, Harvard Business School Press, Boston, MA. 
 
Cohen, W. M. and Levinthal, D. A., (1990), ―Absorptive Capacity: A New Perspective on 
Learning and Innovation‖. Administrative Science Quarterly, 35, 1, pp. 128-152. 
 
Cohen, W.M., Nelson R.R. and Walsh, J.P.,(2002) ― Management Science‖, 48, 1, pp. 1-23. 
 
Cooper, R.G., (1990), ―Stage-Gate Systems: A New Tool for Managing New Products ―, 
Business Horizons, May-June, pp 44-54.  
 
Cooper, R.G., (1999), ―From Experience; the invisible success factors in product innovation‖, 
Journal of Product Innovation Management, 16, pp. 115 – 133. 
 
Cooper, R.G., Edgett, S.J., Kleinschmidt, E.J. (2004), ―Benchmarking best NPD practices — II‖. 
Research Technology Management, 47, (3) pp. 50 – 59. 
56 
 
 
Cusmano, L., Mancusi, M. L., and Morrison, A., (2009) ―Innovation and the geographical and 
organisational dimensions of outsourcing: Evidence from Italian firm-level data‖. Structural 
Change and Economic Dynamics, 20, 3, pp. 183 – 195. 
 
Danneels, E. and Kleinschmidt, E.J., (2001), ―Product innovativeness from the firm‘s 
perspective: Its dimensions and their relation with project selection and performance―, The 
Journal of Product Innovation Management, 18, pp. 357 – 373. 
Debackere, K. ( 2006), ―Innovative Design, Markets and Organisation‖, lezing K.U. Leuven, 
April 2006. Uitdagingen voor een competitief innovatiemanagement.  
Dosi, G., Llerena P. and Labini M.S. (2006), ―The relationships between science, technologies 
and their industrial exploitation: An illustration through the myths and realities of the so-called 
‗European Paradox‘‖.  Research Policy, 35, 10, pp. 1450-1464. 
Fabrizio, K.R. (2009), ―Absorptive capacity and the search for innovation‖. Research Policy, 38, 
2, pp. 255 – 267. 
Feldman, M.P. (2000), ―Location and innovation; the new economic geography of innovation, 
spillovers and agglomeration. In G.L. Clark, M.P. Feldman and M.S. Gertler (eds). The Oxford 
Handbook of Economic Geography. Oxford: Oxford University Press, pp 373 – 394. 
 
Flint, D.J., (2002), ―Compressing new product success-to-success cycle time. Deep customer 
value understanding and idea generation. Industrial Marketing management, 31, pp 305 – 315. 
 
Fontana, R., Geuna, A. and Matt, M., (2006) ―Factors affecting university–industry R&D 
projects: The importance of searching, screening and signaling‖, Research Policy 35, pp. 309–
323. 
 
Frenz, M. and Ietto-Gillies, G., (2009), ―The impact on innovation performance of different 
sources of knowledge: Evidence from the UK Community Innovation Survey‖. Research Policy, 
pp. 1125 – 1135. 
 
Fritsch, M. and Lukas, R. (2001), ―Who cooperates on R&D?‖ Research Policy, 30, pp. 297 – 
312. 
 
Gertler, M.S., (2003). ―Tacit knowledge and the economic geography of context, or the 
undefinable tacitness of being (there)‖. Journal of Economic Geography 3, (1), pp. 75 – 99. 
 
Gils, M. van, Vissers, G. and Wit, J. de, (2009), ―Selecting the right channel for knowledge 
transfer between industry and science; Consider the R&D-activity. European Journal of 
Innovation management, 12, (4), pp. 492 – 511. 
 
Giuliani, E. and Bell, M., (2005), ―The micro-determinants of meso-level learning and 
innovation: evidence froma Chilean wine cluster. Research Policy 34, pp. 47 – 68. 
57 
 
 
Gooroochurn, N. and Hanley,A., (2007) ―A tale of two literatures: Transaction costs and 
property rights in innovation outsourcing‖. Research Policy 36, pp. 1483 – 1495. 
 
Griffin, A., (1997) ―PDMA Research on New Product Development Practices; Updating Trends 
and Benchmarking Best Practices‖, Journal of Product Innovation Management, 14, pp. 429 – 
458. 
 
Hagedoorn, J., (2002), ―Inter-firm R&D partnership: an overview of major trends and 
patterns since 1960‖. Research Policy, 31 (4), pp. 477–492. 
 
Helm, R., and Kloyer, M., (2004), ―Controlling contractual exchange risks in R&D interfirm 
cooperation: an empirical study‖. Research Policy, 33, pp. 1103 – 1122. 
 
Hoecht, A., and Trott, P., (2006), ―Innovation risks of strategic outsourcing‖. Technovation 26, 
pp. 672 – 681. 
 
Howells, J., (1999), ―Research and Technology Outsourcing‖. Technology Analysis & Strategic 
Management, 11, (1) March, pp. 17 - 29 
 
Hwang, J. and Lee, Y., (2010), ―External knowledge search, innovative performance and 
productivity in the Korean ICT sector‖. Telecommunications Policy, Article in press (2010); 
doi:10.1016/j.telpol.2010.04.004 
 
Johnson, S.C., Jones, C., (1957). ―How to organize for new products‖. Harvard Business Review 
May–June, 35, 3, pp. 49 – 62. 
 
Jones, G.K., Lanctot Jr, A. and Teegen, H.J., (2000), ―Determinants and performance impacts of 
external technology acquisition‖. Journal of Business Venturing, 16, pp. 255 – 283. 
 
Kaufmann, A. and Tödtling, F., (2001), ―Science-Industry interaction in the process of 
innovation: the importance of boundary-crossing between systems.  Research Policy, 30, pp. 791 
– 804. 
 
Kleinknecht, A. and Reijnen, J.O.N. (2002), ―Why do firms cooperate on R&D? An empirical 
study‖. Research Policy, 21, pp. 347 – 360. 
 
Knockaert, M.,  Spithoven, A. and  Clarysse, B. (2010), “The knowledge paradox explored: what 
is impeding the creation of ICT spin-offs?‖ Technology Analysis & Strategic Management, 1465 
- 3990, 22, 4, pp. 479 – 493. 
 
Koen, P., Ajamian,G., Burkart, R., Clamen, A., Davidson, J., D‘Amore, R., Elkins, C., Herald, 
K., Incorvia, M., Johnson, A., Karol, R., Seibert, R., Slavejkov, A.and Wagner, K., (2001) 
―Providing Clarity and a common Language to the Fuzzy Front End ‖ Research·Technology 
Management (March-April) pp. 46 – 55. 
 
58 
 
Lai, E.L.-C., Riezman, R. and Wang, P., (2009), ‖Outsourcing of innovation‖, Economic Theory 
38, pp. 485–515 
 
Lam, W., and Chua, A.Y.K., (2009), ―Knowledge outsourcing: an alternative strategy for 
knowledge management‖. Journal of Knowledge Management, 13, (3), pp. 28 – 43. 
 
Lane, P.J., Koka, B.R. and Pathak,S., (2006), ―The reification of absorptive capacity: a critical 
review and rejuvenation of the construct, Academy of Management Review, 31, 4, pp. 833-863 
 
Langerak, F., Hultink, E.J. and Robben, H.S. J. (2004), ―The Impact of Market Orientation, 
Product Advantage, and Launch Proficiency on New Product Performance and Organizational 
Performance‖, Journal of Product Innovation Management, 21, pp. 79 – 94. 
 
Li, Y. and Vanhaverbeke, W., (2009), ―The effects of inter-industry and country difference in 
supplier relationships on pioneering innovations. Technovation, 29, pp. 843 – 858. 
 
Lichtenthaler, U., (2009), ―A Capability-Based Framework for Open Innovation: 
Complementing Absorptive Capacity‖. Journal of Management Studies, 46, 8, pp. 1315 - 1338. 
 
Lichtenthaler, U., (2007), ―Hierarchical strategies and strategic fit in the keep-or-sell decision―. 
Management Decision, 45, (3), pp. 340 – 359. 
 
Littler, D., (2006), ―Reflecting Practice: the case of marketing and new product development‖. 
Euromed Journal of Business, 1, (1), February 2006, pp. 5 – 19. 
 
López, A., (2008), ―Determinants of R&D cooperation: evidence from Spanish manufacturing 
Firms‖. International Journal of Industrial Organization 26, 1, pp. 113–136. 
 
López-Fernández, C., Serrano-Bedia, A. and García-Piqueres, G., (2008), ―Exploring 
determinants of company-university R&D collaboration in Spain. A contrast between 
manufacturing and service sectors‖. Journal of Manufacturing Technology Management 19, 3,  
pp. 361-373. 
 
Luo, C., Debasish N. Mallick, D.N. and Schroeder, R.G. (2010), ―Collaborative product 
development‖. European Journal of Innovation Management, 13, 2, pp. 244 – 266. 
 
Martinez-Sanchez, A., Vela-Jimenez, M.J., Perez-Perez, M., de-Luis-Carnicer, P., (2007), 
―Workplace flexibility and innovation: The moderator effect of inter-organizational 
cooperation‖. Personnel Review, 37, (6), pp. 647 – 665. 
 
McNally, R.C., Durmusoglu, S.S., Calantone, R.J. and Harmancioglu, N., (2009), ―Exploring 
new product portfolio management decisions: The role of managers' dispositional traits ―. 
Industrial Marketing Management, 38, pp. 127 – 143. 
 
Miotti, L. and Sachwald, F., (2003), ―Co-operative R&D: why and with whom? An integrated 
framework of analysis‖. Research Policy 32, pp. 1481–1499. 
59 
 
 
Mol, M.J., (2005), ―Does being R&D intensive still discourage outsourcing? Evidence from 
Dutch manufacturing‖. Research Policy, 34, pp.  571–582. 
 
Monjon, S. and Waelbroeck, P., (2003), ―Assessing spillovers from universities to firms: 
evidence from French firm-level data‖. International Journal of Industrial Organization, 21, pp. 
1255 – 1270.  
 
Murovec, N. and Prodan, I., (2009), ―Absorptive capacity, its determinants, and influence on 
innovation output: Cross-cultural validation of the structural model‖.  Technovation 29, pp. 859 
– 872. 
 
Nijssen, E., Van Reekum, R., Hulshoff, H., (2001). ―Gathering and using information for the 
selection of technology partners‖. Technological Forecasting and Social Change, 67, (2), pp. 
221–237. 
 
Oliveira, M.G. and Rozenfeld, H., (2010), ―Integrating technology roadmapping and portfolio 
management at the front-end of new product development‖. Technological Forecasting & Social 
Change, 77, pp. 1339 –1354. 
 
Parker, H., (2000), ―Interfirm collaboration and the new product development process‖. 
Industrial Management & Data Systems,100,(6), pp. 255 – 260. 
 
Patrakosol, B. and Olson, D.L., (2007), ―How interfirm collaboration benefits IT innovation‖. 
Information and Management, 44, pp. 53 – 62. 
 
Perrons, R. K., Richards, M.G., and Platts,K., (2005), ―What the hare can teach the tortoise about 
make-buy strategies for radical innovations ―, Management Decision, 43, 5, pp. 670-690 
 
Quinn, J.B. and Hilmer, F.G. (1994), ―Strategic Outsourcing‖, Sloan Management Review, 35, 4, 
pp. 43 – 56. 
 
Rafiq, M. and Saxon, T. (2000), ―R&D and marketing integration in NPD in the pharmaceutical 
industry‖, European Journal of Innovation Management, 3, (4), pp. 222-31. 
 
Reinertsen, D. G., (1999) ―Taking the Fuzziness Out of the Fuzzy Front End.‖ 
Research·Technology Management (November–December) pp. 25–31. 
 
Rigby, D. and Zook, C., (2002), ―Open-market innovation‖. Harvard Business Review 
(October). 
 
Ritala, P. and Hurmelinna-Laukkanen, P., (2009), ―What's in it for me? Creating and 
appropriating value in innovation-related coopetition‖. Technovation, 29, (12), pp. 819 – 828. 
 
Rundquist, J. and Chibba, A. (2004), ―The use of processes and methods in NPD – a survey of 
60 
 
Swedish Industry‖, International Journal of Innovation and Technology Management,  1, (1), pp. 
37-54. 
 
Rundquist, J. and Halila, F. (2010), ―Outsourcing of NPD activities: a best practice approach‖. 
European Journal of Innovation Management, 13, (1), pp. 5 – 23. 
 
Sammarra, A. and Biggiero, L., (2008), ―Heterogeneity and Specificity of Inter-Firm Knowledge 
Flows in Innovation Networks‖. Journal of Management Studies 45, 4, pp. 800 -829. 
 
Segarra-Blasco, A. and Arauzo-Carod, J-M., (2008), ―Sources of innovation and industry–
university interaction: Evidence from Spanish firms‖. Research Policy 37, pp. 1283 – 1295. 
 
Sen, A.K. (2009), ―Outsourcing of research and development activities: Evidence from U.S. 
biopharmaceutical firms‖, Global Journal of Business Research, 3, 1, pp. 73-82. 
 
Shenhar, A.J. and Dvir, D., (1996) ―Toward a typological theory of project management‖. 
Research Policy, 25, pp. 607 – 632. 
 
Slowinsky, G. and Sagal M.W., (2003) ―The Strongest Link; Forging a Profitable & Enduring 
Corporate Alliance‖. Published by Amacom, American Management Asociation; ISBN 0-8144-
0743-9 
 
Smith, D.J., (2007), ―The politics of innovation: Why innovations need a godfather‖. 
Technovation, 27, (3), March 2007, pp. 95 – 104. 
 
Song, M.X. and Montoya-Weiss, M.M., (1998) ―Critical Development Activities for Really new 
versus Incremental Products‖. Journal of Product Innovation Management, 15, pp. 124 – 135. 
 
Stel, F., (2011), ―Improving the performance of co-innovation aliances: Cooperating effectively 
with new business partners‖, proefschrift ter verkrijging van de graad van doctor aan Tilburg 
University. ISBN 978 90 5668 285 9; http://www.tilburguniversity.edu/research/institutes-and-
research-groups/center/graduate-school/thesis/stel.html 
 
Tether, B.S., (2002), ―Who co-operates for innovation, and why: An empirical analysis‖. 
Research Policy, 31, pp. 947 – 967. 
 
Tijssen R. J. W. and Wijk, E. van (1999), ―In search of the European Paradox: an international 
comparison of Europe's scientific performance and knowledge flows in information and 
communication technologies research‖. Research Policy, Volume 28, Issue 5, June 1999, pp. 
519-543 
 
Tomlinson, P.R., (2010), ―Co-operative ties and innovation: Some new evidence for UK 
manufacturing‖. Research Policy, 39, 6, pp 762 – 775. 
 
Tzokas, N., Hultink, E.J. and Hart, S. (2004) ―Navigating the new product development 
process‖,  Industrial Marketing Management 33, pp. 619 – 626. 
61 
 
 
Un, C. A., Cuervo-Cazurra, A. and Asakawa, K., (2010),―R&D Collaborations and Product 
Innovation‖, Journal of Product Innovation Management, 27, pp. 673-689. 
 
Varis, M., and Littunen, H., (2010), ―Types of innovation, sources of information and 
performance in entrepreneurial SMEs‖, European Journal of Innovation Management, 13, (2),  
pp. 128-154. 
 
Van Trijp, H.C.M. and van Kleef, E., (2008), ―Newness, value and new product performance‖. 
Trends in Food Science & Technology, 19 pp. 562 – 573. 
 
Veryzer, R.W., (1998), ―Discontinuous Innovation and the New Product Development Process. 
Journal of Product Innovation Management,15, pp. 304 – 321. 
 
Veryzer, R. W., (2005) ―The Roles of Marketing and Industrial Design in Discontinuous New 
Product Development‖ Journal of Product Innovation Management, 22, pp. 22– 41. 
 
Veugelers, R. and Cassiman, B. (1999), ―Make and buy in innovation strategies: evidence from 
Belgian manufacturing firms‖. Research Policy, 28, pp. 63 – 80. 
 
Visser, M. de, Weerd-Nederhof, P. de, Faems, D., Song, M., Looy, B. van, Visscher, K-J. 
(2010), ―Structural ambidexterity in NPD processes: A firm-level assessment of the impact of 
differentiated structures on innovation performance‖. Technovation 30, pp. 291 – 299. 
 
Vrande, V. van de, Jong, J.P.J. de, Vanhaverbeke, W. and Rochemont, M. de, (2009), ―Open 
innovation in SMEs: Trend, motives and management challenges‖. Technovation, 29, pp. 423 – 
437. 
 
Vuola, O. and Hameri, A-P., (2006), ―Mutually benefiting joint innovation process between 
industry and big-science‖. Technovation 26, pp. 3 – 12. 
 
WG63 of EIRMA (2005) ―Technology access for Open Innovation‖. WG63 report of activities 
between March 2003 and September 2004. 
 
Wheelwright, S.C. and Clark, K.B., (1992), ―Creating Project Plans to Focus Product 
Development‖. Harvard Business Review, March-April, pp. 70 – 82. 
 
Yahaya, S-Y. and Abu-Bakar, N. (2007), ―New product development management issues and 
decision-making approaches‖, Management Decision, 45, 7, pp. 1123-1142. 
 
Yusuf, S., (2008) ―Intermediating knowledge exchange between universities and businesses‖. 
Research Policy 37, pp. 1167 – 1174. 
 
1.
  http://www.cric.ac.uk/cric/compprojects/project-12.htm 
 
 
62 
 
2
. The author is the external research coordinator at Unilever Research & Development Vlaardingen (UR&DV), The 
Netherlands. UR&DV carries out more than 100 (sub)projects simultaneously and has more than 200 cooperation 
contracts running every year with companies of all sizes, consultants, universities and PRO‘s. Moreover, UR&DV is 
one of the six central R&D facilities Unilever has around the world. 
 
3. 
(http://www.google.nl/search?q=stage+gate+model+cooper&hl=nl&rlz=1T4DANL_nlNL266NL
268&prmd=ivns&tbm=isch&tbo=u&source=univ&sa=X&ei=9W_-TbuMEpCA-
waz063qAw&ved=0CE0QsAQ&biw=1440&bih=723 
 
